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PREFACE 


The subject of this book, hitherto, has 
riot been dealt with separately* although 
reference to mixing and descriptions of 
various types of mixers and mixing machin¬ 
ery will be found in all standard works 
on Chemical Engineering* The references, 
however, are usually of a somewhat brief 
character, as indeed they must he owing to 
exigencies of space* Moreover, mixing is a 
process; which, up to the present, has only 
been treated in an empirical way; unlike such 
processes as crushing, grinding, separation, 
which admit of some degree of mathematical 
treatment as regards size of plant for a given 
^utput, strei^th of materials, and power t)f 
operation* This is not to say that a careful 
study of conditions in designing a mixer for 
a givfen purpose will not be amply repaid* 
But such a study must, of necessity, be 
mainly of an experimental nature on the 
principle of trial and error* 

This book does not claim to be an exhaust¬ 
ive work on the subject* It is addressed 
more especially to the student of chemical 
engineering, to the young works chemist 
anxious to study the art of transferring a 
laboratory process to the works* In the 
brief space at disposal it has only been 
possible to deal with the problems of mixing 
m comparatively few industries, and in these 
only in a somewhat superficial manner. 
These industries are not all, strictly speak- 
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ing, clieinicali yet chemiats are, or may be, 
advantageously employed in all of them. 
This might indeed be said of every industry 
known. But it will be sufficient to say that 
the industries referred to involve typical 
mixing problem.^, and the machines des¬ 
cribed may furnish ideas for handling 
problems in other industries* 

The author wishes to thank the various 
makers of mixing machinery who have 
kindly furnished him with assistance in the 
way of literature, information, and blocks 
for repi’odueing illustrations, and also Mr. 
N. A. Lloyd, and Mr, J, W. Fagan of the 
l>er by shire Silica Firebrick Co., Ltd,, and 
Mr, Walter Emery of the Stoke-on-Trent 
School of Science, for their assistance and 
advice in the preparation of the manuscript.. 
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CHAPTER 1 -|2UCI ITO5 


INTRODUCTION ^ ^ 

The Principles of Mixing,— 

volving mixing in the chemical anoliifieH^ 
industricw, have for their object the bringing 
of two or more subfcjtancefl into more or leaa 


intimate contact, either for the purpose of 
promoting chemical action or of simply 
providing a liomogeneous mixture* In 
either case, the more intimate tlie contact 
the more satisfactory the prof 1 act A homo¬ 
geneous inixtuie may bo defined aa one 
any portion of whicli is a fair sample of the 
whole; so that from wherever a sample 
may be taken in the mass it will always 
contain the same constituents in the same 


proportions* As may bo imagined, such a 
perfect mixture can never bo realised in 
practice, but with certain types of machines 
it can be closely approached, more especi¬ 
ally ill systems containing a liquid phase* 
In the case of dry mixings, a perfectly 
homogeneous system, even if it could be 
obtained, would be unstable, as any move¬ 
ment of the mass would set up a sifting 
action, the particles of the finer materid 
tending to pass through the interstices of the 
coaraar and thus to separate from them* 


11 
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Thifi tendency is veiy much ieaa in a wet 
mix, owing to the viscosity of the liquid 
hindering movement, and the capillary 
action tending to keep the particles of solid 
in contact with one another. 

Taking now the hypothetical case of a 
perfectly homogeneous mixture eomposed of 
two constituents A and B m equal propor¬ 
tions by weight; then, if A and B are both 
of the same density, each particle of A must 
lie alongside a particle of B, Similarly, if 
the proportion be two of A to one of B, then 
two particles of A will lie alongside each 
particle of B throughout the mass. These 
statements are made on the assumption 
that the particles of both A and B are all of 
the same size. Suppose now the relative 
densities of A and B ore different, and that 
A is twice that of B, Still assuming that 
the particles are all of the same size, then, 
in this case, there will be two particles of B 
to each one of A associated together. Where 
the relative densities do not bear a simple 
numerical relation the case becomes more 
complicated; for example, if A has a density 
of 1*2 and B a density of I'O, then 6 particl^ 
of B will be a^ociated with 6 of A, 

It will thus be seen that such perfect 
association of particles can only be ap¬ 
proached by the most intensive action in a 
mixer. In fact it is probably only in the 
type of machine known as the colloid mill, 
to which further attention will be directed, 
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that such intimate incorporation can be 
obtained* 

The principles favouring a close approach 
to perfect mixing may be enunciated as 
follows 

(1) The particles of each constituent must 

be as small as possible* By this 
means the association of the correct 
number of particles together may be 
the more nearly approached* 

(2) The particles of each must be of 
approximately equal size, otherwise 
perfect homogeneity cannot be 
approached* 

(This condition may not be practi- 
cableincvery case* For other reasons, 
moreover, it may not he desirable; 
for example^ in the manufacture of 
refractories, the mix as prepared in 
the mill contains particles which may 
vary from J inch down to colloidal 
dimensions* This is necessary in 
order to provide a body combining 
toughness w'ith porosity* Here, other 
necessary properties of the mix 
militate against perfect association 
of the particles*) 

To these two principles may he added a 
third upon which depends more the stability 
of the mix when made, rather than the 
actual attainment of homogeneity, although 
the latter is affected by it* Namely, the 
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densitiefl of A and B mu^t be approximately 
the same, or at any rate of the same order. 
The effect of different densities has already 
been considered when dealing with the. 
association of particles. In addition, the 
tendency of the constituents to separate by 
sifting actioji is greater wliere the densities 
show great disparity. If the si^es of the 
particles differ considerably, and the smaller 
particles are of greater density, the tendency 
to separation will be enhanced, but if the 
reverse, it will be dirnijiished. In a largo 
inimber of cases the density of a body is 
greater the greater tlie Jiardness, owing to, 
a more compact texture. CJonsequently, 
when two materials arc ground together 
for the purpose of mixing, if one is of 
greater Iiardriess than the otJier, the softer 
material will form tJie hulk of the finer and 
less dense material, and sucli a mixture will 
show less tendency to separate than one in 
which the finer material is the more dense. 

In such cases it is generally better, if very 
intimate mixing is desired, to grind each 
constituent separately to approximately the 
same size, and incorporate them in a machine 
whose sole function is mixing. 

Types of MfxtuiOG,—Mixtures may be 
divided into two main classes, viz. liomo- 
geneous and heterogeneous. In order to 
avoid confusion in the term ‘‘homogene¬ 
ous ” as used in tlie previous paragraph, and 
now, it may be explained that “homo- 
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genfeaua ” is now applied to mixtures each 
constituent of which is in a similar phase, 
for example, all solids, or all liquids mutually 
soluble. Heterogeneous mixtures contain 
constituents in different phases, for example, 
solid and liquid, liquids mutually insoluble. 
In such sj^tems, one or more phases will be 
disperse and one continuous; it is possible 
to pass through a continuous phase without 
passing through'any of the others, whilst 
the particles of the disperse phase are all 
separated from each other by the con¬ 
tinuous pliase, and it is impossible to pass 
through the mass without entering the 
latter. 

CJonsideriiig jiow tlie applications of the 
afore-mentioned principles to homogeneous 
and lieterogeneous mixtures, it will be 
readily seen that conditions (1) and (2) are 
more readily satisfied in the case of the 
former than in the case of the latter. 
Taking the case of a thick suspension or 
cream such as milk of lime, the solid, 
disperse phase consists of particles of 
hydrate of lime of measurable, if micro- 
,SCopic, dimensions, wldlst the water, the 
continuous phase, consists of particles of 
sub-microscopic, molecular dimensions. The 
nearest approach we can get to a perfect 
'mixture is that in which the particles of lime 
are evenly distributed throughout the water, 
BO that from whatever part of the mass we 
draw a sample it will always contain the 
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same percentage of lime and water* 'As 
prepaid in the ordinary way, such a 
mixture will tend to separate, the lime grad¬ 
ually sinking to the bottom, and in order to 
maintain a constant mixture some stirring^ 
device is necessary 

The conditions (1} and (2} are nearly 
perfectly satisfied in the ease of miscible 
liquids, because hero all particles are of 
molecular dimensions* Moreover, the mole¬ 
cular movement going on tends to prevent 
separation, which does not take place even 
in the case of liquids of such widely differing 
densities as ether and chloroform. Mixtures 
of mutually soluble liquids are absolutely 
permanent* Such permanency can be 
obtained in heterogeneous systems if the 
disperse phases be reduced in a colloid mill 
to particles which begin to approach mole¬ 
cular dimensions* In the ordinary way, if 
we shake up petrol and water together we 
obtain a temporary emulsion, but this 
quickly separates as the particles of each 
phflse coalesce. If, however, the mixture 
be disintegrated in a colloid mill, the 
particles are broken up into such minute 
dimensions that they do not coalesce, 
especially if some deflocculaiit be added 
which, by coating the particles, lowers 
the surface tension and prevents their ‘ 
reuniting* 



CHAPTER II 

opBRA'^o^^s OF mxim 

Before describing the types of machinery 
suitable for mixing, it will be well to con- 
sider first the procedure of mixing by hand. 
The usual plan to be adopted consists in 
spreading each constituent out in an even 
layer one on top of another; the propor¬ 
tion by volume of each constituent will then 
be in proportion to the depth of each layer. 
The operator then proceeds to turn the mass 
over with a shovel, thus bringing the bottom 
layer to the top, and vice verm ; in so doing 
a partial mixing is effected, which becomes 
more intimate the more the mass is turned 
over. The operation is continued until the 
whole mass appears homogeneous; if the 
constituents are of different colours or 
shades, it becomes much easier to judge 
when this condition is reached, as any con¬ 
centration of one particular constituent in 
any part of the mass is evident by an appear¬ 
ance of streakiness or patchiness. Hand 
mixing is still employed for small quantities, 
especially when one or more of the constitu¬ 
ents is of a light and dusty character, as less 
dust is likely to rise than in a mechanical 
mixer unless this is covered in and some 
arrangement made for the collecting of the 
dust* A familiar example is the operation' 
of mixing small quantities of mortar* It is 
also employed in the fertiliser industry for 
blending small orders for compound manures 
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alioTra, the one on top of the other before 
mixing has begun, In order to effect niix- 
ing, the moving member is designed to 
draw the particles of B up through the mass 
of A, whilst the latter is at the same time 
caused to pass downwartls^ thus producing 
different stages through (6) to (d). This 
may be effected by means of a shaft fixed 
vertically in the container and carrying 
blades arranged helically in such a manner 
as to effect the required action* Or the 
shaft may be set horizontally so that the 
blades lift and turn tlie mass over in the 
same way as the spade in the hand-mixing 
opei'ation. The vertical sliaft type requires 
less power to operate, hut takes longer than 
the horizontal shaft typo to effect mixing* 
The proper type to employ can only be 
decided by the particular conditions in¬ 
volved, such as density and size of the 
particles, and general texture of the 
materials involved. In genortii, it may be 
said that for solids the horizontal type is 
usually preferred, whilst for the liquids the 
vertical type is preferable* We may now 
proceed to discuss in detail various opera¬ 
tions of mixing and to analyse the peculiar 
. conditions involved in each. 

Two or more Solids* —In order to incor¬ 
porate thoroughly two or more solids it is 
usually necessary to reduce each to a more 
or less fine state of division; this is in 
accordance with the first principle laid down 



20 JHJJLIJMU MACHINIKY 

in Chapter L In certain cases, this'may 
not be desirable for other reasons, as in the 
case of a clay mix in the manufacture of 
firebricks, where a certain proportion of 
coarse calcined materialSj or “grog,” is 
added to the raw clay to give strength and 
porosity, and to reduce shrinkage. The 
grog plays a similar part to the jeoarser 
particles in a concrete aggregate, and in con¬ 
sequence must not bo too fine, A consider¬ 
able proportion of fine material is necessary 
in the raw clay, however. Such a mixture 
cannot strictly be called, homogeneous, 
because it would bo possible to pick out 
from the mass a piece consisting almost 
entirely of grog, or without any grog at allj 
which could not bo said to be representative 
of the whole. Taking, however, the case 
whore a higii dcgi’ee of homogeneity is 
desired, the first process will consist in 
reducing each constituent to a certain degree 
of fineness, and in accordance with the 
second principle laid down in Chapter I 
this must he approximately the same for 
each* Where the constituents are of a 
similar degree of hardness, and consequently 
become crushed to the same degree of fine¬ 
ness when subjected in a mill for the same 
periods of time, it is possible to combine 
the operations of grinding and mixing; a 
variety of machines are made which combine 
both functions* In fact, although the 
principles of grinding and mixing are entirely 
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diSefentj it is impo^ible to deal witb the 
latter without introducing the former in 
some shape or form. 

Where the materials arc of a different 
order of hardness it becomes essential to 
grind separately and incorporate in a 
machine whose sole function is mixing. An 
example of this may be described in the 
mixing of basic slag and mineral phosphates 
in the preparation of the so-called slag 
phosphate, or “enriched slag.” Of these, 
the slag is by far the harder of the two 
materials. If an attempt be made to grind 
and mix the two simultaneously in a ball 
and tube mill installation, the phosphate is 
quickly reduced to powder and will pass out 
of the discharge trunnion of the tube mill 
before the slag, if the discharge he closed 
up to prevent this, the mill has to be run a 
much longer period than is necessary to 
grind the phospliate, before the slag is 
reduced to fine powder required m a ferti¬ 
liser of this description, Moieover, the mill 
does not function so efficiently, owing to the 
cushioning action of the ground phosphate, 
the coarser particles of ulag tending to 
become embedded therein un<ler the action 
of the balls*^ 

Whether the operations of grinding and 
mixing are carried out separately, or to¬ 
gether in the same machine, the latter 


I Sec Fig, 4j p. 38, 
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conaists in turning over the mass, catiaing 
one constituent to constantly replace 
another until conditions of homogeneity are 
sufficiently approached for tlie purpose 
involved. Such a mixing Avill bo fairly 
stable and pei'manent if conditions (1) and 
(2) (Cliapter 1} have been satisfied to a 
sufficient degree. Any considerable differ¬ 
ence in grain size, especially if associated 
with a gieater density on tiie part of the 
finer particles, will tend to pi’oducc ** sifting 
action as described, and conaeq[uent 
separation, 

Tffo or more Miselble Liquids,—When one 
liquid is poured upon another with which 
it is mutually miscible, in » vessel, the 
denser will siiilj; to the bottom and form 
a separate layer. The molecular move¬ 
ment of each, however, will slowly cause it 
to diffuse into the other, until in time a 
homogeneous mixture will result* Such a 
process would, however, be extremely slow, 
and may be hastened by heating, the con¬ 
vection currents quickly effecting mixing* 
Or liquids may be agitated, cither mechanic¬ 
ally by means of a paddle, or by forcing 
compressed air or steam through the mass* 

Conditions (1) and (2) are probably more 
fully satisfied in this case than in any other 
without any previous preparation, and con¬ 
sequently such mixings do not present any ^ 
great difficulty. Examples include the 
blending of oils by compi^essed air, the mix- ^ 
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ing of vaariouB organic compounds with 
strong sulphuric acid in processes tH sul* 
phonation; numerous other examples will 
occur to the reader, 

A very simple type^of^agitator for such 
mixers consists of a hollow truncated cone 
or cylinder mounted concentrically with the 
shaft, to which it is joined by blades or webs 
arranged hciicaJly, The effect of tliese Is 
to draw the liquid up from below through 
the cylinder or cone, and pass it towanls 
the surface, whence it returns by gravity on 
the outside of the rotating nicmben If this 
member be in the form of a cone it is usual 
to arrange it with tJie smaller end lower. 

The circulating action of an agitator of 
this description jfenders it ^ujinecessary to 
make use of the ai-ms on the rotor to sweep 
the full diameter of the vessel. Such an 
arrangement might effect moi^ rapid mix¬ 
ing, but at the expense of more power. 
Moreover, the deep voi^x which would be 
produced might cause the liquid to overflow 
the sides of the vessel if this were open, 
unless it were not more than half filled. 

An extremely simple metJiod of mixing 
two mutually soluble liquids consists in 
running them from separate tanka into a 
common chute which discharges into a 
third or mixing tank. This is a very con- 
veipont method of mixing solutions of sub- 
BtamoeB which react to form a precipitate, 
An e^^ample is the preparation of lead 
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arsenate by mixing solutions of lead jiHrata 
or acetate and sodium arsenate, but may 
be applied to almost any similar case. A 
familiar and homely example well known to 
houscwLve:^ i« the preparation of French 
coflfee by pouring coffee and milk into the 
cup simultaneously. It is probably the 
extremely intimate mixture of the coffee and 
milk produced in this manner that accounts 
for the exeellerit flavour. 

Solid and Liquid.^—Mixtures of solids and 
liquids in which the former are insoluble 
in the latter belong to the class of lietero- 
geiieous systems. They may l>e sub¬ 
divided into two : (a) pastes, when the solid 
preponderates; and (6) creams, slurries, 
or slips, when tjio liquid preponderates. 

AVith {a)i in order to obtain a proper 
degree of liomogeneity, it is necessary, in 
accordance with condition (1), to have the 
solid in a fairly fine state of tlivision, or at 
any rate a sufficient part of it to hold the 
coarser particles up; as in the case of a clay 
paste used in the ceramic industries, where 
the mixture may he composed of, say, 
40—50% of fine material with comparatively 
coarse particles of calcined clay or flint. 
Provided the liquid phase is not volatile, 
a paste is quite stable and retains its 
original degree of homogeneity indefinitely, 
the liquid being retained in the interstices 
of the solid by capillary action. 

The preparation of auoh a paste is by no . 
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meanfi so simple ^ as might at first bo 
imagined. In the clay industries the solid 
constituents are frequently first mixed dry^ 
then sprinkled with water and left to soak 
for varying periods. This process of age¬ 
ing ” or “ souring,” as it is called, is sup¬ 
posed to he, to a certain extent, a bacterial 
action, but there is no doubt that the gradual 
soaking of the water through tlie mass under 
the action of gravity plays an important 
part, and saves considerable power when the 
stiff paste is forced through tlie die of the 
pug-mill, besides rendering it more homo¬ 
geneous. In tlie case of extremely short, 
siliceous clays, unless this “ ageing ” process 
has been carried out properly, there is risk 
of breaking the knives of the pug-miiJ. 

In the ease of {&), where the liquid phase 
predominates, the problem lies not so much 
in obtaining a proper mixture as in prevent¬ 
ing separation when once obtained. If the 
solid be of greater density than the liquid, 
it will tend to fall to the bottom, and if of 
less density, to rise to the top. Only in the 
extremely rare case of the solid being exactly 
the same density as the liquid can the 
system he said to he stable. If, however, 
the particles of the solid be of such dimen¬ 
sions that the ratio of their area to their 
mass is very great, ie., if the particles be 
Extremely small, separation may be hindered 
to such an extent as to render the suspen- 
won practically permanent. Here we have 
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a case where condition (1) must be* well 
satisfied. Such permanent ereama and' 
suspensions can only be produced by means 
of special types of machine such as the 
colloid mill, since the particles must be of 
more or less colloidal dimensions. 

In the pottciy and cement industries, 
where slips or sluiTies are used, stability is 
maintained by means of slow moving stirrers 
in the stock tanks for the mixtui'es* 

Two or more Immiscible Liquids.—The 
same conditions apply in this case as to 
stable suspensions. The disperse phase or 
phases must be comminuted to such small 
dimeiisions that the ratio of area to mass is 
of such an oixler as to make the resistance 
to movement in the continuous phase as 
great as possible. Kero again the colloid 
mill ia the only means whereby such con¬ 
ditions may be realised mechanically. It is 
possible, however, to prepare stable emul¬ 
sions by the addition of emulsifying agents. 
The emulsification of creosote oils by means 
of soap in the manufacture of disinfectants 
is an example of this. 

It should be mentioned that it is not 
merely the relation of area to mass which 
renders dispersions of the above character 
stable^ but also the Brownian movement' 
exhibited by all colloidal particles, due to 
the electrical charges thereon. 
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TYPB0 OF MinNG MAOHINBRY 

Perhaps the great majority of mixing 
problems involve the mixing of solids. 
Such processes may be divided into throe: 
dry, semi-dry, and wet. The addition of 
water or other liquid, where this does not 
affect the materials or the product in any 
detrimental way, is frequently an advantage 
It lubricates the movement of the particles 
upon one another and thus absorbs leas 
power for the mixing operation. This is 
more especially the case with deiise solids, 
or those in which the particles tend to 
interlock and so bind together. It stands to 
reason that dense bodies will absorb more- 
power than light ones, owing to the greater 
amount of work required to be done in 
lifting them. 

We may now proceed to describe various 
types of mixers in use. They may be divided 
into two main classes: batch mixers and 
continuous mixers. In the former, the 
materials are placed in the machine in 
their rcquii-ed proportions, one after the 
other, or simultaneously, and after mixing, 
axe discharged by suitable means, and a 
further batch is put in and mixed, the 
operation being continued tintil a sufficient 
quantity has been made. In the latter, the 
materials are continuously fed in at one 
point and withdrawn at another, the mix- 
;iiig gear also acting as a conveyor, passing 
w 
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the materials through the raaohine* It is 
possible partially to combine both functions 
in what may be termed a semi-continuous 
mixer* The materials are introduced in 
batches but withdrawn continuously, fresh 
material being added before the previous 
batch has been completely withdrawn. 
Such an arrangement can hoi'dly be recom¬ 
mended from the point of view of accuracy, 
as there is rislc of contamination of the out¬ 
going product with the first constituent of 
the next batch. For rapid output where a 
high degree of constancy of composition 
is not important, however, it has advantages* 

The advantages of the continuous mixer 
from the point of view of rapid output are 
obvious; in addition, there is no power 
wasted in revolving the mixing gear idly 
between the addition of the hatches; al¬ 
though this power in general is quite small 
in itself, it may amount to quite a large item 
with very large outputs and should not be 
left entirely out of consideration under such 
circumstances, 

To obtain really good results with con- - 
tinuous mixing, it is important to have an 
accurate feeding mechanism which will 
measure the constituents in the right 
proportions, In some cases, the correct 
quantity of each constituent is brought and 
dumped beside the mixer in sufficient 
quantity to lost for some time. The 
operator, roughly gauging the right pro- 
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partibna, feeds the materiala by alternate 
fliOYelfulfi into the machine until the supply 
of each is exhausted; if his gauging has been 
fairly correot^ he will exhaust each heap at 
the same time, but if not lie will have a 
supply of one or more left over; he must 
then feed the whole of the material through 
the machine again, adding the surplus 
material graduaSy so as to incorporate it 
with the rest of the batch. The extra Hme 
and expense involved in such a procedure 
are obvious* In practice, however, the 
operator becomes skilled in gauging the 
quantities, and any inaccuracies in the 
gauging are evened out in the mixer if this 
be of large capacity* One of the advan¬ 
tages of continuous mixing, however, lies 
in the ability to use a small machine absorb¬ 
ing comparatively little power for large 
outputs, so this advantage would be greatly 
discounted when using a larger machine. 

In spite of its drawbacks, the above 
method of feeding continuously by hand, 
and relying upon the judgment of the 
workers for accuracy, is still used to a great 
extent, especially in the fertiliser industry 
for preparing compound mamircs. These . 
** Compounds ** have to come up to a strict 
guarantee which is required by law to be 
stated on the containers, so that it would 
seem highly inadvisable to make use of such 
^-haphazard measures. In practice, how¬ 
ever, practically all compounds have to 



30 . -iHECHAHICAL lOXlHG MACHINERY . 

■* . ■' ■ . 

uikdeirgo an ageing period in heapB,* and 
before bagging are subjected to a tether 
disintegrating and screening process; this 
edects further mixing, evens out "‘pockets,” 
and renders the whole mass reasonably 
homogeneous in most cases. 

To obtain really accurate and even com¬ 
position in one operation, liowever, it is 
essential to use some kind of measuring 
device. For liquids, this is comparatively 
simple, as, provided the head remains con¬ 
stant, the rate of flow through an orifice of 
fixed size is constant. With solids, however, 
it is much more difficult; in fact, with 
materials of fibrous or thread-like texture, 
practically impossible. Fine, diy powdersof 
constant density behave to a certain extent 
like liquids and can be made to flowthrough 
orifices, but such an arrangement can 
seldom be recommended, as it would require 
constant attention to avoid hanging' 
up,” and consequent stoppage. The best ! 
arrangement is one in which the solid is 
positively fed, and an example of this is the 
measuring table illustrated in Fig, 2, The 
material is fed either by hand or mechanical 
means into the hopper. A, whence it fails 
on to the rotating table, B, and is con* 
tenuously diverted by the knife, C, which ’ 
cuts it off in a definite manner and causes- 
it to fall off at‘D, Any desired proportion 
may be measured, according to the depth; 
to which C is set on the measuring +ablp.;’ 
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Two "Or more tables with their respective 
hoppers may be arranged, one above 
another, rotating on a common shaft, so as 
to measure proportions of more than one 
constituent, which aie caused to fall off at 
points one above another into the mixer. 
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Provided the hoppers are kept filled above 
the level of their lower edges, the proportion 
measured off will be the same, however 
much is fed into them; so that the feed, 
may be more or less intomittent according 
to the size of the hopper* 

Other types of measuring machine include 
screw conveyors with tapering threads 
which eon be set at various positions in the 
ie^ trough, and rotating valves. The 
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latter have the diaadvaiitage that the^feed 
and discharge are by gravity, and thus with 
certain materiala “hanging up’^ is liable 
to occur; they appear, however, to give 
satiafaction in many eases. 

The measurers have to be calibrated 
separately for diiferent materials. In spite 
of the obvious advantages of continuous 
mixing, engineers in this countiy seem to 
prefer mixing in batches, more especially 
in i-egard to concrete. This is probably 
due to the fact that measuring devices do 
not as a rule provide the degree of accuracy 
required for such purposes. 

Turning now to actual types of mixers 
in use, one of the oldest and still very 
popular machines is the edge-runner or 
pan mill, of which a diagram in plan is 
shown in Fig. 3. It consists of a circulax 
pan, A, ill which are fixed broad rollers, BB, 
which are free to rotate independently of, 
one another upon a shaft, C. Either the 
pan, A, may bo rotated, the rollers, BB, 
turning in opposite directions to one 
another by friction with the pan bottom; or 
the pan may be kept stationary and the 
rollers caused to travel round it, movement 
being imparted through the spindle, D, 
by means of the crown and bevel wheels, 
E and P; in this case, the spindle, B, is. 
keyed solid to the shaft, C, If the pan is; 
to be rotated, I> passes through a bearing; 
in G and is keyed to the centre of m 
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this case the pan itself rotates upon, and is 
supported hy a masaive bearing lieneath, 
This bearing must be of a very substantial 
nature, as it has to take the weight of the 
pan, of cast iron or steel and usually very 
heavy, together with the weight of the 
contents; for this reason the stationary 



pan is sometimes preferred, but it is not so,, 
convenient for feeding, as tlie rollers are 
continually passing the feed point, and 
. material is liable to be deposited upon them, 
and, if of a sticky nature, is liable to adhere* 
;|i In order to keep the material m the path 
of the roUers, from which it tends to pass 
■outwards by centrifugal action, scrapers, G. 
and H, are provided* These scrapers are 

2 
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stationary when the pan rotates, but move 
round with the rollers when the pan is 
fixed. 

These machines are grinding mills in the 
first place, but are extremely useful for 
mixing heavy mattsriais which are not af¬ 
fected by the crushing uetitm of the rolls, 
such as rocks, clay and sand, and for this 
reason are largely used in tlie refractories 
industry and for mixing mortar.^ The 
mixing action is effected io a great extent by 
the serapeiTi which continuously turn the 
material over, but the rollers also play aa 
important part in flatteinng it out again and 
thus further altering the association of 
particles. In addition, these machines are 
practically fool-proof, and cannot jamb 
through overloading, or through the intro¬ 
duction of fragments of materials too hard 
to crush, sueh as pieces of iron or steel. The 
rollers are hung in sliding bearings, and 
simply climb over materials too hard Jto 
crush. If the pan he overloaded, it simply 
fills up, the lolIcT'K revolving upon the 
surface of the material 

Pan mills can l>e used as continuous or 
hatch mixers* In the former case the pan 
is perforated witli holes of rectangular 
or trapezoidal form, through which the‘ 
material falls as it becomes sufficiently 
ground, and dTOps to the boot of an elevator, 

^ Mortar mllia aro frequently only provided with' 
one roller. In thlF» faae the i>an rotates. 
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, whence it may be raised to a screening 
^ plant, provision being made for returning 
the tailings, via a chiitCj to the pan, When 
w&ed as a batch mixer, the jian lias a solid 
bottom and the material is grountl for a 
sufficient period to effect the desired mixing. 
It may then bo dischaigeri whilst still 
running by inserting an open-ended trough 
or chute, up which the material is forced as 
the pan travels round. In some cases the 
pan has a rotating bottom only, the aides 
being stationary- a door in prc^vided in 
the latter, which can be opened when 
the matei'ial is discharged hy altering the 
position of the scrapers so as to sweep the 
-material out 

With a fixed pan, mechanical discharge 
may be arranged in a siniiiai- \vay by means 
of a door in the side or bottom of the pan; 
the position of the scrapers is altered so 
that the material is swept towards the 
opening and dischargetl 

Another type of pan mill is jirovided with 
a pan having a conical bottoin which slopes 
slightly downwards all round towards the 
middle, Each roller is formed as the 
frustum of a cone, the larger diameter being 
innermost* It is claimed that the grinding 
and mixing actions are improved thereby 
and the tendency towards clogging is dimin¬ 
ished. ^ In some cases the rolls ai-e sup- 

' ^ Patent Specification 191208 , Grinding, Crushing 

^aad. Mbdng Mille, J- Wasa. 
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ported ft few inches above the pan ao that a 
certain depth of material ia required before - 
they will revolve* This, however, is more 
for grinding than Jinxing purposes and so 
does not call for treatment here* 

Pan mills may be constructed of cast iron 
or steel. Where con tain i nation with iron 
is to be avoided, the rolls and the bottom 
of the pan may bo made of granite, and the 
scrapers of lignum vitie oi^ other hard wood. 
For really good results lioth pan and rollers 
should be turned perfectly true. 

With regard to motive fiower, this may 
be by belt from a line shaft or motor, to 
fast and loose pulleys mounted on the end of 
the shaft canying the bevel wheel, F. This 
shaft may even be driven directly by means 
of a crank mounted on the end, attached to 
the connecting rod of a steam engine. In 
other cases the pan may be under-driven by. 
crown and bevel wheels, but this method 
is not to be recommended from the point of 
view of cleanliness and accessibility, except 
perhaps for small machines mounted above 
the floor level where the driving pinions 
are readily accessible for lubrication and 
adjustment. 

Pan mOls are made and used in all sizes, 
from small machines with a capacity of a 
few hundredweights per hour up to eight 
tons, and are used in a great variety of 
industries. Their simplicity and fool-proof- 
character are a strong reeommenHfl,rinfr¥i^ 
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They may be used for both dry and wet 
mixing, but in the latter case, if the material 
be of a pasty consistency, it is desirable to 
provide scrapers to the rolls to remove any 
adherent matter. 

Other types of grinding mills sometimes 
used as mixers are ball and tube mills* 
The principle of these is similar, namely, a 
rotating cylinclcr containing a number of 
balls of steel or flint. The cylinder is lined 
with some hard material such as cast steel, 
or quartzite, and grinding is effected by the 
rubbing and pounding of the balls on 
the material as the cylinder ix)tates. ^ The 
difference between the ball and the tube 
mill lies in the arrangement for discharge. 
The former, which is usually of shorter 
barrel than the lattor, contains a series of 
stepped plates, as shown in Fjg. 4* Re¬ 
volving in the direction of the aiTOw, the 
balls constantly roll down and fall from plate 
to plate, tJ^e materials thus being mixed and 
ground simultaneously. The discharge is 
via holes drilled in tJie plates and the 
material passes over screens surrounding 
the whole cylinder. The tube mill is 
usually of longer barrel, and is simply a' 
hollow cylinder; it is fed either through a 
manhole when stationary, if used as a batch 
machine, or through a hollow trunnion if 
used continuously, the discharge being 
effected in a similar manner* 

These mills may be used for both dry 
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and wet mixinjf, but if the latter, the h''quid 
must be present in siifficient quantity to 
produce a slurry; if not, a thick paste is 
formed which coats the balls and clogs 
the action to such an extent as to render it 
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useless. Where znixitig only is required, 
the balls may be replaced by projecting 
arms, which turn the material over. 

As mixers, however, ball and tube mills 
have a far more limited application than 
pan mills, In the manufacture of cement, 
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however, by the dry process, the tube mill 
is used for the purpose of grinding and 
mixing* (See C'hapter V-) 

Crushing rolls, consisting of a pair of 
rolls, either plain, grooved or fluted, and 
involved in opposite dinactions in close 
proximity, have certain iimiti^d uses as 
mixci^^, notal>ly in the rubber industry, 
and to a eeiiaiu extent in the clay induatry. 
Their action is to squeeze the materiais 
into contact, but when used alone for this 
purpose, repeated passage of the materials 
between them is neres.siiry, or else they are 
used in conjunction with other machinery, 
(Sec Mixing in the Ceramic Industry, 
Chapter VI,) 

As previously stated, grinding and mixing 
can only be carried out simultaneously with 
success when the niattu ials ai e (jf a similar 
degree of hardness. 

Turning now to machines whose sole 
function is mixing, wc fin<l that there is an 
enormous variety of these. One of the 
commonest and most popular is the hori- 
Kontal shaft mixer which is suitable for dry 
mixing, or wet mixing with a puqwnderance 
of aohd pastes). It consists of a 

tough of semicircular section containing 
a rotatable, horizontal shaft carrying a 
complete open worm, or else helical blades, 
the latter being arranged like an inter¬ 
rupted worm. A continuous solid worm 
would be unsuitable, as the machine would 
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then act simply aa a conveyor which would 
push the material to one end, where it 
would simply hank up and overflow if the 
trough were open, or wedge up and stop 
the machine if closed. The open worm 
simply conveys the material until it rises 
above the level of the worm blade, when it 
falls back again, the action being continually 
repeated and mixitig effected. The inter- 
ruptetl wonn type woiks in a similar manner. 
The action consists entirely in picking up 
and turning ovcu' the Ttiatciial. Where the 
mass is liable to be rotated as a whole, as in 
the case of sticky or glutinous materials, 
baffles arc arrE-ingiMl between the blades, or, 
what amounts to the same thing/thc blades 
revolve in pockets. N(jt only is it important 
to prevent rotation of tlie batch a whole, 
but also to i-each the whole of it, and for 
this reason the (deai'ance between the tips - 
of the blades and tlie inside of the trou^ . 
should be as small as possible without risk 
ofjambing. 

Horizontal mixers arc sometimes con¬ 
structed with two shafts set parallel to one 
another and revolving at different speeds in 
opposite directions. The ratio of speeds 
may be as four to Jive, This arrangement 
effectively prevents rotation of the batch 
as a whole and effects m ore thorough 
mixing. 

A typical example of such a mixer is 
Fawcetra double-ahafted clay-mixer, made. 
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by Thomas C. Fawcett* of l^eds. It is 
supplied either with or without an automatic 
fe^ and patent water control, and nuy be 
used as a batch or continuous machine, but 
is primarily intended for tlie latter. It 
is largely employed in the brick-making 
industry, and the out[>ut, which is entirely 
automatic, may l>e adjiistod to the capacity 
of the hrick prcss. 

Horiiontal shaft mixers may be provided 
with jackets for the ciixmlation of steam, hot 
or cold water, or oil, ho that the batch may 
be heated or cooled during mixing; in 
addition, the shaft may be made hollow for 
the same purpose. An example of this is 
the " Atomixer,” made by the Kcenok Co,, 
Ltd. This machine consists of a barrel 
carrying a hinged Jkl which may lie turned 
back for cleaning and inspection ; mixing 
is, of course, canied out with the lid closed. 
The single hollow spindle carries double- 
headed beaters, which, when the shaft is 
revolved at speeds varying from 150 to GOO 
revolutions per minute, subject the material 
to an intensive kneading action. In ad¬ 
dition to this, a backward and forward 
oscillating motion is imparteti to the mass, 
the latter being always a little greater than 
the former, so that the material ia slowly 
oarried forward, and the process thereby 
rendered continuous. This action is 
effected by the special manner in which the 
beaters are machined, and this can be 
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varied according to the claaa of material to 
be dealt with. Although primarily a con- 
tinuouB machine, it may be Uised as a batch 
mixer. It has found cousideralde applica¬ 
tion in the chocoiate trade, and for the 
mixing of floor polish, and simiiar prepara¬ 
tions requiring omulsiHcatioiu Its action is 
peculiarly intensive, owing to the high speed 
of revolution; in fact, the juadmie stands 
in an intermediate position between 
ordinary, low-sptn^d mixers, and tlie high- 
spml, diamtegrating mills producing par¬ 
ticles of colloidal dimensions and running 
at speeds up to 11(100 revolutions per minute 
(see Chapter IV). ^llie fifty-six cubic feet 
eniulsifier runs *at 300 to oOO revolutions 
per minute, and mjuijvs from three to 
eight horse-power, acc^ordmg to the 
consistency of material. 

A^erticaJ shaft mixers are used to a very 
large extent, and take a great variety of 
forms. One of the coiiiinonest consists of a 
circular vessel with ]3arallel, veiiical sides 
and a hemispherical bottom; the vertical 
shaft is concentric with the vessel and 
carries blades or arms which may be quite 
short, or may rt^ach almost to the extreme 
width of it, according to the purpose for 
which the machine is required. These anus 
are usually “ staggered ” or arranged 
spirally on the shaft and may be either 
single, ne., each arm extending on one 
side of the shaft only, or double, the.- 
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shaft pasaingHhrough the middle of the 
arm. The arma generally take the form 
of blades which are twisted so as to lie in 
an oblique plane. The object of this is to 
give a vertical as well as rotary movement 
to the materials {see Fig, 15, p, 104), 

The hlatlcs are sometimes arranged as 
an open worm or spiral This lifts the 
material to a ]joint, from which it then falls 
bach witliin the ring of the spiral and thus 
effects the required continual turning-over 
movement. These mixej-s are generally 
employed witli scnii'solid, pasty materials, 
creams and suspensions, atKl for mixing 
liquids, Tlicy are not, how'ovoiv very 
efficient, since the action is mainJy a rotary 
oncj with the result tliat the mass is to a 
great extent merely i-evolved so that the 
layers of the different constituents remain 
more or less separate. To effect thorough 
mixing requires a vertical motion as well, 
and to this end numerous types have hcen 
designed, A well-known and excellent 
example of this is the Geyser mixer made 
by Alfred E, Tattersail & Co., and illus¬ 
trated in Fig. 5. As will be seen, the 
vertical shaft carries a solid, tapering worm; 
this acta as a conveyor, and hfta the material 
from each layer in proportion to the depth 
of the layer* In the cylindrical portion 
of the container the depth of each con^ 
.^ituent will he in proportion to its per¬ 
centage by volume, and consequently aa 
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thfi worm rotates it withdraws each con-. 
stituent proportionately and deliver it at 
the top* The material withdrawn is re¬ 
placed hy ^^ravity. Tims, if we put a 
material A in first, and add a material B, 
and rotate the w{>rru, A and E will 1 >r with¬ 
drawn their respective layers in pro- 
jmrtion to their volume |>eieentages in the 
mass, and deliveierl in a more or less 
mixed condition on to the top* until the 
supplies of A and B are (exhausted and 
replaced hy the mixture AB; fm ther action 
intensifies and finally completes the mixing: 

Owing to the worm being tapered, the 
largest diameter being at the top and the 
smallest at the l>ottom, (*ach turn of the 
spiral lifts more material than the one 
below it, with the result that the mass is 
kept loose and ofnai, so that the worm 
revolves ftTcly, and with far Joss absorption 
of power than would be the ease wore the 
spirals of the same diarnetei^ Tn fact, the 
worm can }>o said to eairy up the material 
on its up|>er surface rather tlian to revolve 
in it To overcome the friction of the 
material absorbs a considerable amount 
of power which is only wajsted, and this 
ingenious but simple arrangement con¬ 
siderably reduces it This mixer is of the 
batch type, and is fed at the top and dis¬ 
charged at the bottom* It is made in a. 
number of sizes, varying from 2 feet 8 inches * 
diameter by 9 feet 10 inches in height, to 
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3 feet 3 mches diameter and 19 feet 6 inchea 
kiTieight, and with capacities ranging from 
5 cwt. to 20 tons. 

It is essentially a dry nnxei' and can 
be used for mixing dry powders of all 
descriptions^ and granular materials such as 
poultry food and other feeding stuffs, flour 
and grain. 

As in the horizontal mixer, it is possible 
to use two mixing slmfts to intensify the 
mixing and prevent rotation of the batch. 
The shafts may 1)0 set eccentrically, side 
by side ill a circular container as in the 
Torrance patent mixer shown in Fig. 6. 
ft will be nott^d that cacli agitator is com¬ 
posed of four steel blades which ai’e twisted 
so that tlicir sides are at j'ight angles to 
their line of movement ^ this causes greater 
resistam^^ than if tliey were iii tl\e line of 
movement, and consequently the agitation 
is increased and render'od more effective, 
and rapid mixing Ijrought about. The 
liousing carrying the agitators can be lifted 
out to enable a full pan to bo replaced by 
another, consequently delays caused tlirough 
having to clean pans ai-e largely eliminate 
The pan also rotateSj and by means of a 
simple mechanical device can be stopped 
whilst the agitators are still kept worlong 
ind the mix run out, thus maintaining 
nixing action to the last and assuring 
iniformity of product. 

Another Torrance machine is known as the. 
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‘‘ perfect ” mixer, and is similar to the above 
except that only one rotating agitator set 
eccentrically is pravided* This rotates 
in the opposite direction to the pan, thus 
doubling the relative speed which would 
prevail if the pan were stationary* The 
object of setting the agitator eccentrically 
is to 1 ‘eturn the material thrown out 
centrifugally, to the centre* 

These machines are used to a great extent 
in the paint industry for mixing dry colours 
in oil, and thinning down paints, hut may be 
used for practically all mixings of a similar 
nature* The “ patent mixer with two 
agitators has a capacity of 30 gallons; the 
pan rotates at about 27 revolutions per 
minute, and the agitatoi’s at 54* The 
‘‘perfect” mixer, with single agitator, is 
smaller, having a ca})acity of 12 gallons; : 
the i>an rotates at aiaujt 45 revolutions per 
minute, and tlie agitator at 75* 

A machine eminently suitable for mixing * 
liquids with liquitJs or solids, is the Vortex , 
mixer made by S* H. Johnson & f'o*,Ltd., of 
Stratford, This machine, an illustration of 
which is shown in Fig* 7, is designed to 
produce a powerful “ vortex ” in the fluid. 
As previously pointed out, the ordinaiy type 
of mixer with plain agitating arms is some¬ 
what slow and inefficient in action owing to 
the movement being mainly a rotatory one, 
with the result that the constituents tend 
to remain in layers* The shaft, A, rotates 








"canwntrlcaily in' the bircular container 
and carrieis at the bottom a centrifueal 
vane, B- Afj it rotates it throws tlie 
fluid out tangentially, imparthig a rotary 
movement, thus causing it to take the 
spiral path shown by the dotted lines out¬ 
side the tube, C. Curved plates fitted at 
the top of the mixer catch the ii[)pcr layer 
of rotating liquid and deflect it, and the 
combined stream k descend through the 
central tube to feed the centrifugal vane at 
the bottom. The principle is similar to that 
of the Geyser mixer in that the different 
proportions of each constituent are drawn 
from each separate layer, the only difference 
being that the vortex ” mixer is designed 
to work on fluids and the “ geysei' ’’ on dry 
solids. The action is so jiowerful that large 
leaden shot placed in the jnachine with 
sufficient water to cover the central tube ^ 
are carried to the top and circulated with 
the water. TJie machinc is, therefore, 
eminently suited for the exti^aotion of such 
heavy materials as metallic ores, and the 
mixing of heavy pigments such as barytes. 
It may also be used for treating syrups 
and oils with decolorising carbon. 

Owing to the absence of baffles, the power 
consumed is relatively small, but will 
deliend for any given size of ndxer on the 
nature of the material to be dealt with. 
The vortex” mixing gear can be fitted 
to any suitable vessel which may be made 
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in cast iron, steel, or acid-resisting Iron; 
aluminium, and wood. Coils may be fitted 
for heating or cooling, and the vessel may 
be made air-tight, so that it may be emptied 
by compressed air like a montejus or an 
acid egg. 

Tlic type of agitator <lescribe<l in Chapter 
II, p. 23, for mixing liquids mutually 
soluble worbi on the principle of the vortex, 
but, owing to the swirling movctncTit being 
only slight, it is not mo efficient as the 
“ vortex ” mixer just described. P’or 
mixing liquids in the processes of nitration 
and sulphonation, however, it is used to a 
considerable extent. 

The discharging of mixers may be carried 
out in a variety of ways, depending on the 
size of the macliine and the consistency of 
the material Small machines arc most' 
simjdy emptied by tipping them upon 
trunnions. This is most easily arranged' 
with horizontal shafts, as the pan or con-; 
tainer can be made to turn about the 
game centre as the shaft. When mixers 
are arranged to work on fluids or on 
solids which flow readily loose, diy 
powders), the simplest method is to dis¬ 
charge by gravity through a cock or trap : 
at the lowest point. This has the advant^ , 
that the mixing gear may be kept running ■ 

, whilst discharging, thus securing uniformity ; 
of product. With a horizontal shaft and ^ 
tipping container the movement of the;-? 
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'■'aviator ^ay be employed to assist dis- 
charge. 

Compressed air may he used to discharge 
liquids by rendering the container air¬ 
tight and arranging the discharge pipe to 
reach the bottom or preferably to dip into 
a shallow well, so that complete discharge 
may he effected after the manner of a 
montejus. (.See dt-senption of the “ vortex ” 
mixer.} 

Continuous discharge in continuous 
‘ mixers is usually effected i>y means of an 
open trap in the iiottom of the container at 
the end opposite to the feed end. The 
agitating gear also acts as a conveyor 
and forces the material out 

More individual examples of nnxeis will 
be given when dealing with mixing in various 
industries, but the above deserilics the main 
types, and serves to show the principles 
upon which mixing is based. 
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INTENSIVE mxLm 

iNTJiNSiVE mixing, 3 ,^ thn name implies^ 
involves tlie mixing of materials to a degree 
of intimacy unattainable with the usual 
types of mixing maehinery. It is a process 
comparatively new to chemical engineering, 
having only been introdueed during the last 
few years, but already bids fair to revolu¬ 
tionise certain industries. The process is 
at present oiil^^ applicable to wet mixing, 
and involves the comminutioJi of particles, 
cither of solid or liquitl, to cfjlJoidal dimen¬ 
sions, so that they remain permanently; 
suspended in the continuums liquid phase 
by virtue of their enormous surface/mass 
ratio, and the Bj^owniaJi movenicnt charac¬ 
teristic of colloidal paT-tieles. 

It is possible to reduce solids to this fine 
state of division in tlic dry state, and mix 
them with the liquid afterwards, but the 
usual practice is to effect grinding and 
mixing in the same machine. Owing to the 
first principle laid down in Ohajjtcr I (reduc¬ 
ing the particles to as fine a state of division 
as pos.silde) being practically fully satisfied, 
such mixes approach the ideal of homogene¬ 
ity to a much greater extent than any. 
other. The principle upon which such fine 
reduction is based consists in subjecting the: 
material which, if a solid, has already beeh' 
reduced in an ordinary grinding miU to 
fine state of division, to a powerful shearing;. 
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: Btresa between two surfaces set very close 
together and moving at a relatively high 
speed, or to a high speed beating action. 
By this means the particles, whether liquid 
or solid, are tom asunder and reduced, to. 
colloidal or semi-eolloidal dimensions. This 
process enables materials to be ground and 
mixed in a few minutes, which, with the 
ordinary type of gi'intliiig and mixing 
macliinery, would take; many lioui's, or even 
days in some cases. 

In addition to tlie sliearing action between 
surfaces set very close together, there may 
be a powerful beating or disintegrating 
action by means of beatei's mounted upon a 
rotor revolving at high sj)cetl, Kuch a com- 
bmed beating and shearing action produces 
m extremely fine disintegrating and mixing 
action, it bciiig possible thcieby to produce 
80% of particles having a diameter of less 
than Odjut (Ift ^ 1/1000 mm,). 

The only machine which embodies both 
these 'principles, and perhaps the best 
known, is Plauson's coIIoi(l mill, invented 
by Dr» Hermann Plauson, of Hamburg, and 
now being made in this country by Messrs, 
Mather and Platt, Ltd, It consists of a . 
short, cylindrical casing as illustrated in 
Pig, 8, which is jacketed for lieating and , 
cooling. This carries, mounted eccentric- , 
ally in its lower portion, a shaft. A, carrying 
Ci^t beaters, B, Interposed between these ■ 
bcatera arc fixed members or anvils, as they 
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are termed; two series of these are fitted, 
one series, (\ being fixed to the bottom of 
the casing anti projecting upwards, and the 
other series, I), being fixed to the baffle 
plates, hj. Tlie clearance between the 



beaters and the anvils is l-2'5 mm. The 
materials are fed to the machine througli 
the funnel, F. The shaft rotates at 3000. 
revolutions per minute and upwards, and 
the tips of the beatera move at 9400 feet^ 
per minute and upwards; the number of 
impacts on the material is approximately; 
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168,D00 per jnmute* It will bo readily 
understood that mixing under such con¬ 
ditions is extremely intimate. The exact 
modus oftrardi of the grinding action is 
not fully untlerstood, <as the clearance 
between beaters and anvils is by no means 
so fine as in milJs which woj-h entirely on the 
film principle. 

The baffle plates, E, enclose a portion of 
the beater track, [>iit do not extend to the 
lower portion of this, so that ample apace is 
left for free contact with the material. 
The object of these baffles is to reduce the 
eddy currents formed wliich absorl) power 
uselessly; by their means it is claimed that 
25% of ]jower is savtxb 

It will 1)0 readily understood tliat, with 
the high spewis involved, it is necessary to 
employ only first-gi^adc materials in con¬ 
struction. The body is niado of high-grade, 
close-grained cast iron, specially treateil to 
withstand corrosion. The beaters are of 
high-grade steel, securely keyed on to the 
shaft, which is of forged steel. The rotor is 
accurately balanced to eliminate vibration at 
high speeds; it is carried on two sets of roller 
bearings mounted outside the mill with the 
driving pulley between. In order to prevent 
escape of material at the point where the 
shaft enters the casing, centrifugal throwing 
discs are provided in conjunction with a 
gland and stuffing-box. The shaft does not 
P^etrate the other end of the casing, which 
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la bolted on, but may be readily withdrawn 
without lifting off by simply sliding upon a 
pair of rails, thus giving access to the interior 
of the mill for inspection and cleaning. A 
glass gauge is also fixed to the end. pJate in 
order to observe the height of fluid in the 
mill. 

The machine may be used as a batch or 
continuous mixer. The output will vary 
enormously, accord big to the nature of the 
aubstan(!es under tuiatment; most emul¬ 
sions can be produced with a single flow¬ 
through operation, at a rate of 2 tons per; 
hour, Solids will take longer, and in the 
case of colloidal suljjhur the output would be 
from 220 lbs, to 440 lbs, per hour, according 
to feed. Power i-equircd varic.s from 8 h,p,. 
for emulsions to 10 to 15 h,p, for pigments^ 
in oil and water. Jn the case of very heavy.i 
substances such as barytes, 20 h,p, is^ 
required. 

Mills which effect dL^integration and. 
mixing solely by shearing action between' 
surfaces are many, A well-known example' 
of this type is the Premier mill,^ handled in 
this country by Messrs. Burt, Boulton, and 
Haywood, of Silvertown, and illustrated in . 
Fig. 9, This consists of a casing in which a ^ 
rotor, R, shaped like a truncated cone,y 
revolves in close proximity to a similarly;,' 

^ The Prcinticr and other Dmiiitewating 
and their Applicationa in InduRtry/^ by F. J. E..;: 
China. 
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;: shaped Burfaoe, CS. These two mombera 
must on no account touch, but may be set 
with a clearance varying between three- 
thousandths anti two- or three-hundiedths of 
an inch (according to the material being dealt 
with), by means of a micj'omekT bead, MH/ 
The materials, liquids, or liquids with solids 
in suspenf^ion, are fed in thnjugh the oj)ening 
I, and are conipelJefl to ])ass between the 
fixed and rotating surfaces, the high 
speeil (1000 to 5000 revolutions per minute), 
the materials are comj>JetcIy disintegrated 
by the powerful hydraulic forces brought 
into bcii^g. Very little lieacl of liquid is 
required to feed the mill, owing to the centri¬ 
fugal action of the rotor drawing it through* 
The mixed mateihil leaves by the opening 0* 
The rotor, of high-grade steel, is juaehined 
perfectly smooth, and accurately balanced. 
The angle of the cone is usually 45^^, but 
may be made smaller or larger to suit special 
circumstances* The standard 15-iTich mill 
requires 25 h,p,, and rotates at .3500 revolu¬ 
tions per minute* The oiitj)iit varies accord¬ 
ing to the viscosity and other properties of 
the materials being dealt with, being 25/35 
gallons per hour for viscous materials such 
as enamels, up to 1000 gallons per hour for 
^water emulsions* 

, Another type of machine depending upon 
the shearing forces between fixed and 
moving surfaces is the HurrelJ homogeniser, 
invehted and made by G* 0* Hurrell at the 
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Suu L^e Engineering Works, Blfwkheath, 
Writing in the Chmiiml Agt of April 26tli, 
1934, G, (■* Hiirrell describes two types 
working on the above principle. 

{u) Those in whi(^h the liquid is propelled 
til rough tlie gap l>y the centrifugal 
forces acting upon tlie material 
forming the him. In these the sur¬ 
faces are in the form of discs, or 
truncated cones diverging from the 
ingress end as in the ease of the 
Th'cniier mill. 

(/j) Those in whieh the surfaces confining 
the film are so sha])C(l that the film 
docs not tend to evacuate the space 
by its own inertia, or in which it even 
tends to work back into the feed space. 

The Hurreh homogeiiiser is of the second ^ 
type, and is illustrated in Idg. 10. The 
rotor, B, contains ia{lial ducts, F. Liquid 
fed in through 1) enters these ducts and ia'' 
driven outwards by centrifugal foi'ce, and 
enters the film gap, G, between the casing 
and the rotor. ^Jlic solid portions of the 
rotor between the ducts act as impellers, 
and thus cause the liquid to exert pressure 
at the outer end of the film gaps. This 
pressure, and consequently the rate of flow 
through the machine, will depend upon 
rate of feed. ^ 

The advantage of this system lies in tha. 
fact that it is thus possible to vaiy^the^ 
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; treatmeat according to the class of material 
■by Bimply varying the feed. A material 
that requires much work to be done upon 
. it is fed in slowly, and one that requires 
less, more rapidly* 

' With machines of typo [a) the material 
being fed in at or near the axis of rotation, 
the film of material is prol^ably here a solid 
stream, hut as it moves outwards w'here 
linear speed and ai-ea are greater it tends 
to break up and form voids between the 
masses, and mixing is consequently not so 
effective* 

The Hurrell homogoniser has a further 
advantage in that, as the liquid escapes 
upon both sides of the rotor, tiie liydrostatic 
forces are exactly balanced longitudinally, 
and consequently there is no end-thrust on 
the bearings* This type is suitable for con¬ 
tinuous work on the same class of material*. 
For dealing with differont classes of material 
the same &m make a machine with slightly 
tapered rotor; this taper is not sufficient 
for the film to be affected by centrifugal 
(rfOree, but sufficient to enable the thickness 
of the film to be varied according to the 
nature of the material being dealt with* 

■ The homogeniser rotates at speeds vary- 
from 3000 up to 8000 revolutions per 
minute, the latter with a 20-inch rotor giving 
* linear speed of 40,000 feet per minute* 
film gap is two-thousandths of an inch 
in the standard machine, but with the 
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adjuatabJe rotor tJiis may bo vari^ frori)i‘ 
one4hoii«aii(ith upwards. 

A machine inventocl by W* Ostcrmann, of 
OacheTHlcben,^ haw a hon^.ontal conical rotor 
set at an acute angle. Both rotor and stator 
are provicletl with straight or helical grooves 
to increase skin friction. Helical blades are 
provided at the fc("d anrl {liwcharge ends to 
force in and withdraw the liquid, fn addi¬ 
tion, a nozzle is fitted into the discharge pipe 
wherehy hot, compressed air may be injected 
into the exit stre^am which thereby becomes 
atomised, and the mixture, striking against 
a baffle in a receiving cliaml)er, falls down 
into the latter as a fine dry jjowder. This 
niachine is interesting in that a dry mixture 
is produced, Plaiison has also invented a 
dry grimiing mill which could he used to 
produce dry mixtures of colloidal character; 
ill this case, however, no liquid dispersion 
medium,is employed* 

Another tyjKi of miii employs two discs 
set in close proximity to one another and 
each rotated in the opposite direction. The 
advantage of this arrangement is that the^ 
speed of rotation Tiec<l only be half that; 
required in a machine with one fixed and. 
one moving surface. One example of thia^ 
is a machine with vertical shafts by H* 
Traun's Forschungs-laboratorium G*m.B,H,,.'- 
of Hamburg, The material is fed through^ 


^ Intemotiojial Fat/jnt Specification 210HO. 
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r 'the ujj'per shaft "^(made hollow for the pur¬ 
pose), and discharged at the periphery of 
: the discs. 

Another Is the super-mixer made by the 
Low Engineering (b. Type A of this 
machine consists of a pair of adjacent discs 
mounted on shafts in line, the whole being 
encased. The discs arc made slightly coni¬ 
cal, the concave faces facing one another; 
upon these faces are mounted rings of pro¬ 
jections, and these rings register alternately 
with those on the ojjpositc disc. At the 
priphcrics of tlic discs the pi'ojections are 
in the form of complete rings, the clearances 
being extremely narrow. 

: There is a hollow sjiace, triangular in 

section, at the centre of the discs, into which 
the liquid is fed from liotli sides and v henee 
it is thrown outward by (centrifugal force, 
and, passing between the discs, is subjectecl 
to a continuous beating and shearing action 
by the projectious and rings; a inLcrometer 
adjustment is jwovided for varying the film 
gam 

The discs are driven in opposite directions 
by means of pulleys mounted on each side 
: of the casing. The macihine is capable of 
"treating from 30 to 100 gallons per hour, 
■ according to the viscosity of the liquid, 
using a motor of 10 h.p. The discs revolve 
'/at a relative sjieed of 6000 r.p.m. 

/ C is a small, hand-oporatod machine 

^■^nt^ing three separate rotors. The 
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largest is hollow, concentric with the £4sing 
and provided with internally projecting 
teeth, and carrioa a boas provided with 
teeth projecting outwards* Both these sets 
of teeth register with those upon two rotors 
mounted ecoentricaJJy, and are driven by 
gearing in the opposite direction to the 
large rotor at a speed rather more than 
three times as gi'oat. 

The action of tins macJiine is of a boating 
rather than a shearing characterj and is 
similar to the Plauson mill in this respect, 
the difference lying in the fact that both 
beaters and anvils are moving in opposite 
directions, thus increasing their relative 
speeds. 

As an omuLsificr and intensive mixer for 
laboratory and domestic ^ puriwses, this 
machine is very useful indeed* 

Messrs* J* Harrison Carter, Ltd*, of 
Dunstable, have recently brought out a 
similar type of macliine to the typo A, with 
fixed and rotating rings; both these are 
provided with concentric grooves, which 
*mcsh with one another; in addition, each 
ring has a number of grooves tangential to 
its inner circumference which intersect the 
con cen trie groove.s* The material is fed into 
the interior of the rings, whence it is whirled^ 
outwards by centrifugal force and disin- J 
tegrated between them; the tangential' 
grooves tend to bring the material back and',-! 
to counteract the centrifugal force, throwing^ 
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it outward. The dkcs may be set from one- 
thousandth to a few hundredths of ta inch 
; apart* It is claimed that this arrangement 
reduces the material to a finer degree than 
plain discs or rings* 

Uses of IntensiYe Mills. — The uses of 
these mills are extremely numerous; in 
factj there seems to be no end to their 
applications. Confining attention more 
especially to their use as inixers, we may 
mention the following. 

Rubber Mixing.—Tt is essential iji the 
preparation of rubber mixes to get them as 
homogeneous as possible, To this end the 
added compounds, sulphur, Jime, aiiic oxide, 
and fillers, such as carbon French 

chalk, must be in extremely finely-divided 
form. 

Intensive grinding and mixing for tliis 
purpose can be more efficiently caiTied out 
in mills of the above character than by any 
other means. 

Colloidal Fuel—fiuspensions of coal in 
fuel oil for feeding oil burners and for all 
purposes in which fuel oil can he used, can 
readily be produced. Also emulsions of 
petrol and water for internal combustion 
engines. An emulsion of this character 
containing 70% of petrol has been used 
ysucoessfully. 

jLubrloantSp—Emulsions of oil in water, 
■and suspensions of graphite and talcum 
powder in oil, may he made. 
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Creosote Emulsions.'—The advantage of 
these prcparationa lies in the ability to use 
a much smaller percentage of creosote 
for proserviJig tinihcr* When using neat 
creosote, in on! or that the preservative may 
penetrate to all parts hal>lc to hecome 
exposetl l>y cracks or otherwise, in siifheient 
concentration to be effective, the outer 
layers have to \w over-impi-egnatech A 
creosote emulsion is just as effective, using 
a fraction of the quantity of creosote 
required for tlio same depth of penetration* 
Emulsions containing 30 to 50 ^q of creosote 
may be usc\l, and arc so stable that they may 
be boiic^l or froKcn without breaking clown 
owing to aggregation of j)articles. 

Pharmaceutical Products* — cli prepara¬ 
tions as face t^rcanis, and tJie so-called liquid 
face pf>wd ers, ha i t' c rea ms, disi nfec tant 
emulsions, emulsions of esseiitial oils for 
perfumes, may all l)o cpiichly prepared. 
The Low Engineering t’ompaiiy Type C 
hand-operated mixer is very useful for this 
purpose, enabling retail tlruggists to make 
up their owji prej>arations* 

Foodstuffs, —Milk pow'der may quickly 
be ground up and mixed with water to the; 
consistency of ordinary milk. Meat may bo 
extracted in the cold for the preparation^ 
of meat extracts, and fruitsi may be rendered 
fluid. Flavouring essences may be pro-!- 
pared by emulsifying suitable essential oila" 
in water* In addition to emulsifying and ' 

■■ id 
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actually steriJise the preparation, owing to 
the fact that the bulk of the particles is 
redticed to a size less tlian O-S/w., witli the 
result that any organisms larger^ than this 
are broken up and destroyed. As practie- 
ally ail known organisms ai^e larger than 
this/ sterilisation is effected, an important 
point in connection with articles for human 
consumption. 

Other Uses,—Tlic manufacture of viscose 
for artificial silk involves the treatment of 
cellulose with caustic .soda. In the usual 
method, considcral^le excess of the latter 
has to be used, but so intimate is tlie mixing 
effected by certain types of colloiri mill, that 
the theoretical quantity is Huffieicnt. In a 
similar manner, tar aekls may l>e extracted 
from tar oils far more rapiilly tlian by the 
ordinary processes, owing to the extreme, 
intimacy of mixing. 

Many pigments of a .soft iiature jiiay ho 
ground and mixed with oil in the preparation 
of enamolf) or printing inks, and a smooth, 
even mixture ol)tained without the wear and 
tear which usually characterises ordinary 
grinding and mixing machines for this 
purpose* 

, Many dyestuffs, which in the ordinary way 
are extremely difficult to mix with water, 
jnay easily be made up into permanent fine 

t? ^ Average booifii are 3 to ui lejigth aiid O^'S tto 
1/i in dmmeter (1^ 0 OCI nim.). 


3 * 



-f ./-V’Vv.': 

suspensions, and iiiorganic pigmentaVina^ 
in some cases be obtained in suspenaioi: 
sufficiently fine to be used in the dye^bath* 
It should be explained that, in most 
cases, in order to ensure permanency ol 
suspensions or emulsions prepared in cob 
loid mills, it is neeessaiy to add a small 
percentage (usually under 1%) of a stabil¬ 
iser which is itself a colloid, Examples are, 
such substances as gum, gelatine and soap; 
their function is, however, solely to stabilise 
the pi’cparatioji, and they play no part in 
obtaining it, so do not lie within the scope 
of this book. Numerous other uses of 
colloid mills might be given, but as this 
subject is already lieing dealt with in 
another book of this series, there is no 
occasion to go faitlmn The subject, from 
the point of view of mixing, however, is 
important and ijdercsting, and It is for 
these reasons that this chapter has been 
included. ^ . 
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The manufaeturG of cement involves the 
calcination of a mixture of argillaceous and 
calcareous materials^ e.g., clay and chalk, 
shale and limestone. The mixture is burnt 
to clinker in kilns of rotary or other type* 
Ab it is not actually fused^ but merely sin¬ 
tered, complete chemical reaction between 
the constituents can only be brought about 
by the most intimate mixing* The ideal 
method of making cement would involve 
the actual fusion of a mix containing 
approximately 70% of lime, in a kiln of 
the blast-fumaee pattern* Such a process 
is quite sound and practical from a scien¬ 
tific point of view, but owing to the high 
temperature (over 1700"" 0*) required for 
the fusion it is not economically sound* ^ ‘ 
If it were, however, the quc.stion of mixing 
would not be of nearly so great an im¬ 
portance* A comparatively rough mix of 
the constituents in the right proportions 
which, on descending into the fusion zone, 
would quickly react together in the liquid 
tState, would give a perfect cement. As this 
.process is not at present practicable, how¬ 
ever, it is essential to mix the raw materials 
06 intimately as possible, so that, at the ^ 
^^Kukering temperature (1200'' C*), reaction’ 

> by Bertram Blount, Longmana, 
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will go to completion, there will b6‘ iiri" 
portion of either constituent left over, and 
a cement which does not require ageing or 
slaking and can lie filled straight into bags 
from the grinding plant may 
There arc two processes in vogue for 
mixing the raw materials ^namely, wet and 
dry. According to the principles enun¬ 
ciated in Chaptei' I, tliis involves line 
grinding, and as l)oth raw materials are in 
the case of chalk and clay of approximately 
the same degree of hardness wc find that, 
to a great extent, g?'indiiig and mixing are 
effected in the same miicjiiuc. 

Wet Process.—OwiJig to the extreme in¬ 
timacy of mixing possible with this pro¬ 
cess, it is, in general the most preferred. 
The raw materials, as Iuvnight from the 
quarries, arc weighed out and dumped into 
a type of mixer Icnowri as a wash-mill. 
This consists of a large ciixmlar pit lined 
with concrete or l)rlck, and containing in 
the centre a massive pillai^ of similar 
material; a sort of annular pit or moat is 
thereby jiroduced. The pillar serves to 
support a vortical sluift carrying horizontal ■ 
arms from which rakes or harrows are ■ 
suspended by means of chains. The verti’»; 
cal shaft is made to revolve at from 20 






THS: piDXJiSTRY/ T? 

iiL ’TKe rakea, swinging round, strike and 
disintegrate the lumps of matenal, but not 
being rigidly fixed and merely depending 
from the arms, they are not damaged by 
contact with any lumps of material too 
hard to disiutegiate; such lumps drop to 
the bottom and in time accunmiate. Tor 
this ri^aHon provision is often made for 
raiding the hai'rows so as to clear accumu¬ 
lated until tins becomes so great 

as to materially redut:c the capacity of the 
mill, when it is cleaned out. A thicks 
sluny of ajjproxiniatcly coircct composition 
is thereby obtaintKl. The principle is not 
unlike that of a levigating mill for pre¬ 
paring fine pigments. The ordinary tyjie of 
wash-mill u.snally has four arms carried on 
the central shaft, and may have a capacity 
of 50 tons of raw material" per hour. 

Wash-mills arc usually of the batch mix¬ 
ing type, atnl the batch, when thoroughly 
mixed* is run out through screens, which 
stbp any coarse material, to dosage tanks. 
In these, any inaccuracy of composition is 
corrected by the addition of the apjjiropriate 
quantity of either raw material. This is 
a large tank similar to the wash-mill, but 
sometimes oval in shape, and contains one 
or more agitators to keep the slurry uni- 
fom and prevent settling. These agitators 
are aimiiar to the wash-mill agitator, but 
aa there are no lumps to break up here, 

the-rakes arc rigidly fixed to the arms 

-1^": ^ ■ 
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instead of hanging by chains. An eFeva-’ 
tion of a wash-mill is shown in Pig. 11. 

Prom tho dosage tank the slurry ia passed 
to the storage tanks, also containing 
tators of similar pattern to prevent settling. 

Sometiniea the sluiTy is pumped from 
tho waHh-mill to a t?entrifiigal separator 
lined with wire netting and known as a 
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AdA^Ud from Blount's "Ceinfliit,'’ 

“trix,” whereby the coarse material ia 
retained and returned to the wash-mill. 
Prom thence the slurry, now fairly fine,' 
but still not sufficiently so, passes to a tube 
mOl, where it is wet ^ound and more; 
intimately mixed. It is now ready for; 
storage and for the kilns. ^ 

^ The extreme importance of intimate,^ 
mixing in ihe manufacture of cement ifi so; 
great that the saying has arisen thafe 
cement is made in the wash-mill/' ^ Al^ 

■H.J 
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Ihou^ the actual formation of cement 
takes place in the Itiln, yet unless the pre¬ 
liminary preparation of the raw material 
by mixing is properly carried out, no 
amount of care in burning will produce a 
satisfaetoiy product* 

The afore-mentioned process is for mixing 
soft materials such as clay and chalk, and 
is the system employed at the Portland 
Cement Works, on the banks of the Thames, 
where the raw materials are mud from the 
river bottom and chalk from the quarries 
along the banlts* In dealing with hard 
materials such as shale and limestone, 
these must previously be crushed and 
ground, as the harrows of the wash-mill 
would have but little effect on them* This 
is effected in a series of machines starting 
with preliminary breakers, through pre¬ 
liminary grinders, such as crushing rolls, 
to fine grinders of the ball and tube mill 
variety. When the wet process is in use, 
the fine material is fed to a mixer of the 


wash-mOl type, where slurry containing 
about 40% of water is produced* 

, The wet process has the following advan¬ 
tages. More intimate mixing is possible 
in a liquid medium and a slurry produced 
;Which can be handled by pumping or 
;gjravity, and readily fed to the kilns. Leas 
^wer is also absorbed in wet mixing. The 
disadvantage lies in the extra fuel required 
'^or driving off the 40% of water. Generally , 
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speaking, however, the wet process is com- 
moner than the dry, and is preferred for 
soft materials. 

The dry process is usually empJoycd for 
liaid iiiatcnals such as liinestonc and shale* 
In Older to iiicor'porato tlu^in ]iropcrly, it 
is essential that they should be thoroughly 
dried before ni ixiiig. The Ji inestono as 
quarried is fairly dry, l)ut tJie shale varies 
considerably in its content of water; both, 
however, are put sej^arately through a 
diyer usually of the lotary ty]>c and then 
crushed to appraxinlately 1-ineh eubes. 
The correct pi’oiKjrtions are tlien roughly 
blended in a simple i-evolviog cylinder; $ 
tube mill without the balls, or in which 
arms have been substituted, may be cm*- 
ployed. This mixing is very rough, owing 
to the large size of the pieces; it is com¬ 
pleted in the grinding mills, whieli may be 
any of the usual types* 'Fhe ball and 
tulie mill installation has tlie advantage 
that owing to its large capacity any errors 
in composition are coi rccted hy “ evening ' 
out ” of the materials* The ball mill as 
used is sometimes a modified tyjKj known 
as a Kominor,” It acts as a batch mixer 
as weli as a grinder, as the plates are solid, 
and not provided with holes, which tend, 
in time, to close up owing to the continual- 
hammering action of the balls. The ma-; 
terial is finished in a tube mill, which comr ■ 
pletea the grinding and acta as a eontinuouB/ 
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mixerj the mix, ready for the kiln, bemg 
' delivered through the hollow discharge 
. trunnion (see Chapter III). Tlie material 
, must he quite dry before being fed to the 
grinding plant, esptx^ially if this be of the 
above type, as otherwise cloggiTig will take 
place, the bails tending tci Ijecome eoattd 
with the ground inateriah 
' Various other types of gritHiing mills are 
used, sucIj as mills of the ring-roll type, 
giant griffin, etc., but for details of these 
the reader is referred to works on grinding. 
The above have only l>eeii referred to on 
account of their function as mixers. 

The dry process, although saving the fuel 
used in drying the mix in the kiln, is not so 
common as the wet, on account of the 
fiifficulty of properly mixing the materials, 
Against this saving must also be put the 
extra cost of grinding and mixing the 
materials. The importance of proper mix¬ 
ing of the raw materials cannot be over¬ 
emphasised if a satisfactory product is to 
he obtained. 

Concrete. —The mixing of concrete iiatur- 
. ally follovi's that of cement. This process 
involves the mixing of the ground cement 
; clinker with some kind of aggregate such 
J.'iUj sand for smooth surfaces like floors, 
coarser materials such as ^-anite, limestone 
and brick rubble for foundations and struc- 
; tui'es* Small quantities are often mixed by 
.hand, but for satisfactory work a mixer is 
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better. To obtain a perfect concrete every 
particle of aggregate must be evenly coated 
with cement, and simple mixing by hand 
does not effect this pixiperly^ A properly 
made concrete mix should contain sufficient 
water to make it flow like cream; in addi¬ 
tion, all air sliould be driven out, so that, 
on setting, a dense, hani body is produced. 
The mixer must therefore lie dcsigncrl with 
these objects in view. 

A simple tyj^e suitable for Jiand o])eration 
consists of a hollow drum fixed in an inclined 
position for mixing, but capalile of being 
tipped for the purjjose of emptying. Some¬ 
times, in onler to increase the capacity, the 
drum is made in the form of the ft'ustum of 
a cone, the smaller open end being upper¬ 
most. A series of shelves is fixed all round 
the inside;' these shttlvca pick up tlie 
, materials and carry them 1 ‘ound until 
the former ai’C sufficiently high to cause; 
the material picked up to fall hack into the 
trough. The materials are thereby con-' 
tinually turned over until they become 
intimately mixed. 

An example of this type is the London 
Gem concrete mixer made by the London ^ 
Concrete Machine Co., Ltd., of London ' 
(Canada), and handled in thts country 
; Messrs. George Waller and Son, Ltd, It;: 
' may be worked by hand or power, and; 

7 ' Thesfi shelves arc frequently arranged in 

ooidal fashion to increase their elective length. 
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; complete portable units with small (IJ 
Jh.pj petrol engines are made. The 
capacity is about cubic feet of mixed 
concrete and the output about 20 cubic 
■yards per day. 

Another type of concrete mixer is the 
chain-spade type* This is a horizontal 
sliaft mixer. The shaft, which is Ksquare in 
section, has arms bolted to it carrying at 
their extremities spades which dig up and 
turn over the matcriiUs* In addition, the 
ends of adjacent arms arc.joined by short 
lengths of chains which sweep the bottom 
of the container and keep it clean. The 
latter is made semi-circular in section and 
is provided with tipping gear for emptying. 
The batch is in full view during mixing, so 
that water may bo added gradually until 
the whole mass is suitably tempered. 

Examples of these mixers are the 
“London’' chain spade mixer, made by 
the above firm, and the “ Wingef A 
hopper may be provided above the con¬ 
tainer with a sliding door for feeding the 
materiala* Instead of spades the ends of 
.the arms may be sharpened to a kind of 
:;blunt knife-blade which act« in a similar 
JhaaoDer* 

^These mixers have a capacity of from 
pT' to .7 cubic feet and require from 4 to 

h,p. They are particularly suitable for 
^mixing semi-wet conereto for the manu- 
^^ure of concrete shapes such as blocks : 



84 MECHANICAL. MIXING MACHINEPY 

^ ^ \ ■■■■■■:>., ,-yr 

and tiles* A smaller proportion o£ wati^ 
must be used for this purpose than for 
ordinary concrete in order that the shapes 
may not deform under their own weight 
before setting. Owing to its stiffness^ such 
a mix caniiot as a i-ulc he made in the 
oidinary type of mixer. The chain-spado 
type gives a powerful, positive action and 
is thus eminently suited for this purpose* 

This ty|je may also he used for mixing 
mortar in plaee of the usual ])an milt with 
one or two rollers (see Chapter TIT), It is 
also suitalile for mixing wall ]>la3ter arid 
hair mortar, 

A third type, also made by, the London 
Ooiiereto Maeiiineiy (V),, is a drum mixer* 
Tire drum revolves on a liorizontal axiSj 
upon healing wheels, being driven by means 
of an external toothed ring, A vertical 
section of the drum is shown in Fig. 12. 
It is closed at both ends save for a slight 
hokj A, tlirough which observation may 
be made of the progress of t];e mixing. It 
is provided at the other etui with a com¬ 
bined feed and discharge chute, B, which 
remains stationary during mixing. It ia r 
shown in the diagram in the charging 
position, the discharge position being indi-^ 
cated by the dotted lines* 

The action is as follows 

The feed chnto is set in the charging: 
position, the materials are placed in the) 
hopper, and on lifting the door the whole'! 



; bfttck iiito the It is caught 

by the buckets, C, as the drum rotates 
and carried to the top, whence it is spilled 
downwards upon the convex .side of the 
chute, which can be reversed for this pur¬ 
pose. This action spreads tlie material and 



forces all the air out of it; in additJOJij it 
spreads it in the reverse direction to the 
action of the blades, D, These blades slice 
the material, and tlie part which is caught 
i)y them slips down into the buckets, to 
be again carried up to the top and spilled 
upon the reversed chntc again* 

V The combined rolling, spilling, spraying 
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and slicing actions effect an extremely 
thorough mixing in a few minutes^ Dis¬ 
charge is effected by moving the chute to 
the position indicated by the dotted lines, 
when tlic material dropped from the buckets 
falls into it and sJities out. 

This is a highly efficient mixer and pro¬ 
duces a dense, homogeneous mix free from 
air pockets, in wjueli evciy particle of 
aggi'egate is cOfated with cement. The 
drum is self-cleaning, as the force with 
which the materials are tossed aijout effects 
a scouring action upon the internal surfaces, 
thereby kee[)ijig them smootli and polifilied. 
Practically all concrete mixers urc of the 
batch type, continuous mixing not finding 
favour with engineers in this country* 
This is probably due to the difficulty of 
accurately measuring the different varieties 
of aggregate, varying from sharp sand to 
coarse stone. 

Tar Macadam .“Tar macadam and con¬ 
crete arc materials not dissirtiilar, and so, 
for the sake of completeness, a few details 
are here included, although strictly it 
cannot be classed as a chemical industry* 
As is well known, it is produced by mixing 
a suitable aggi'cgatc, such as grajiito or other 
stone, with tar or bitumen in a molten con¬ 
dition* The latter, on cooling, sets, and binds 
the whole into a mass* As with concrete, it 
is important to coat every particle of the 
aggregate with the binder* In order to 
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ensure a thoroughly hard mass, the aggre¬ 
gate must be suitably graded into coarse, 
medium or fine material the ^vJu)lc being 
cemented together witii just suificient tar 
to fill the voids and no more. By suitable 
gi'ading tjjesc^ voids arc i^eduecd to a mini¬ 
mum, the medium niatenal filling those 
between the coarse mateT'ial, atul the fine 
those betweeji tlie mcdiuim The tar com- 
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pJetes the filling. Tntirnatc mixing is, 
therefore, n(‘(!(^mry to obtain a satisfactory 
I’eault, 

Fig, 13 shows a suitaiiie mixer in longi¬ 
tudinal and cross section made by Thomas 
C* Fawcett, Ltd, It is of the double shaft, 
horizontal type. The shafts revolve in 
opposite directions, as shown by the arrows; 
they carry arnis to which are bolted steel 
paddle plates, A, The aggregate, granite, 
^ag or other material, is dropped in after 
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iiaving been dried and heated in a suitable 
heater, and the hot tar added by means of 
a i)ipe mounted over the mixer. The 
material is raised in ilu> centre by the 
piddle jdatCH, tuiued over and dnippcd 
into the i^oiitairuT, to he a^ain lifted, an<l 
kneade([ in sueh a way as to produee a 
thorough mixing of the eonstitnents. Dis¬ 
charge is edeeted througli the door, W, 
which, being the full width of the cotitainer, 
allows the whole hateh to drop out into a 
wagon placed henoatln This is facilitated 
by the })a<ld]es, wbielij owing to their 
directi Oil of rotation, sw'cep the matenal 
towards the opening and lift it up over 
the same* The chief wearing parts, namely, 
the paddle blades, can be qui(kly renewed 
without disturlhng tlie shafts. 

These mixers are made in sizes varying 
from 5 to 27 cubic feet, aliout HO to 
200 tons per day, anrl rej^ulre from to 
20 Inp. 

(’oricieto and tar macarlam mixing lio 
somewhat outside the scojio of this book, 
but have been included as interesting 
examples of mixing, and as a complemant 
to the subject of cement. 



CHAPTKR VT 

niiXING IN TEtE CKRAIMIC INDUSTOY 

The ceramic induHti'y, iiicliKiing rh it 
does the niaoufaeture of brie Its, especially 
fireclaVj silica and other refractories, stone¬ 
ware, glass, china a?ul porcelain, is an 
extremely important and whle one, Al¬ 
though not strictly a chemical industry, 
yet clieinistry enters into it to such an 
extent as to fnlly justify its inclusion here* 
Numcrons aiirl peculiar pmblcms of mixing 
present themselves, hnt it will only he 
possible to deal witJi a fc^w of them here* 

Fireclay Products, —Th e mai i e if at )i\i I'e of 
fireelay bricks ainl l>locks itivoh^es the 
mixing and blending of the gixumfl clay, 
usually with the addition of a j ancontage of 
calcined material, or “ grog,'" as it is termed, 
\vhieh may amount to as mvieh as h0%* 
This grog is arlded to reduce shrinkage of 
the blocks in firing, to give Iticreased 
porosity and hence gmifer i-osistance to 
sudden changes of tcm|K:raturc, and to 
reinforce the material in the same way as 
cement is reinforced ■\vjtli an aggregate in 
making concrete. For the last-named pur¬ 
pose the grog must not be too fine, and in 
order to be efft^ctive it must he evenly 
distributed throughout the mass. 

Mixing is usually effetded in largo pan 
mills, w'hich, when used as continuous 
mixers, liave an output up to 8 tons per 
hour of grouml and mixed material; for 
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this purpose, the pan bottoma are' por- 
foratefl with holes, usually rcctangularj as 
described in (liaptor IIL The matenaK 
raw clay and gt'og, arc added, the quantity 
usually bein^f very roughly gauged by 
baiTow'loacls, Thc^ raw clay may be throwji 
in as largo hiinjw, as, being a soft material, 
it is quickly crushed by the roils.’ The 
grog is usually broken to .start with in 
stone-broakois of tlu^ swinging-jaw or 
rotary pattern, down to ]^ieces the size 
of the fist* Continuous nnxing iti ]wr- 
forated pans is eftccUvl in tlie dry state 
and the dry mix falls through tlie hole.s in 
the pan down ijito the boot of an elevator 
below, whence it is elevattd ami distributed 
over screens usually not finer than 4 meshes 
to the linear ineh, and often coarser, say 
a |-incli Jiiesh, or coai’ser still for some 
types of goods. The tailings arc returned 
to the pan for f 11141101" grinding* Screens 
with round hole.s in place of wire mesh are 
sometimes used on account of thek greater 
strtmgth and durability, but are not Ijjo 
efficient. The screened mateiial has now 
to be wetted in order t<j render it plastic. 
This is hy no means so simple a matter aa 
might at first be sujiposed. The material 
carried by a band conveyor is s]>Tinkled 
with water by means of a perforated pipe 
fixed over the hand, The raw clay absorbs 
a considerable quantity of water and the 
damp mix is finally dischai'gcd into a deep 
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bin *to “ age*” This ageing process is 
extremely important, as, if not properly 
carried out, tlie mix wilt not be evenly 
plastic, but short ajid “ rawccy ” in places, 
and tend to stick in the pug mill. 

The period of ageing varies from two or 
three days tip to six months, acconling to 
the character of tJic mix* Materials eon- 
taming little or no guig, sueli as stoneware 
clays and tlie like, are often aged for long 
periods, in some ca-scs even for ycarsd 
Heavily grogged or' highly siliceous materials 
such as the argillaceous sands of tho High 
Peak district of Derbyshire, require only 
a few days’ ageing, owing to the small 
proportion of clay they contain. This 
ageing or soaking process is maintained 
hecauso it is really an automatic mixing 
which takes i>lace slowly throughout the 
mass* Its exact nature is not linown, but 
the water prohal>ly percolates throughout 
the mass by ca[)illaTy action and so becomes 
more evenly disseminated. It is sometimes 
thought that bacterial actiern plays a part, 
and for this I'oason clays are sometimes 
aged in the dork. Tho [irincipal process, 
however, and the one which nmders the 
clay easy to worlc, is siiiii>ly soaking. 

The ideal to be aimed at, although hardly 

^ Tho clay tisod for making potU^ry in China in 
olden days is said to have boon aged for IDO ye^ts ! 
This ssema amazing, but is not improbable^ time 
being no factor among Oriental peoples. 
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attainedj is to coat every particle of material 
with a film of water. This may be hastened 
by wet mixing in a mixer, preferably of the 
horiKOiit<al sliaft type* Kawcett\s double- 
shafted clay-mixer is eminently suited for 
this pijr]>OKc (see Ciniptei' IJl, Horizontal 
Mixers)* 

The dry or semi-dry mass is j>asscd 
through t.lic mixer and waier from a 
sprinklta' inpe added* Tlie two shafts, 
revolving in opposite clireetions at different 
speeds, knead and turn the mass over, 
tiieieljy thorongldy ineoj porating the w'ater 
with tlie el ay and produeiiig a hotnogoneous 
mass. 

Mixtmes wliicji previously \\^ere too short 
aJul “j'aw(x\v'’ to pass tlirough the pug 
m ii h such as Ingl 1 1 y si I iceoi\s anatet'ial h 
( ovcT silica], can often lie brought 

down to a smooth, c^veii paste, which slips 
easily out of the die of the pug («co Pug 
Mills [s‘low). Ill some eases the materials 
aixi ground and mixed wet in a pan having 
a solid, 1 ‘evolving bottom and stationary 
sides, or in a stationary pan with travelling 
rolls. This is a hatch mixer, and the batch 
may be? discliargcxl tJirough a door in the 
bide or bottom t>f the pan* Where wet 
mixing is em]>Ioy£^l there is no nece.ssity to 
dry tlie clay before use. 

After gL-iiicling, mixing and ageing in the 
above manner, the material is next pugged. 
It is elevated and jjas.sed between heavy 
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iron* rollH; thcsn ^qiieo^^o tbo nmtiM'ial, 
incorporating the water inoro intiiiiatc‘ly 
and rendering tlie mass more homogeneous. 
One or more j^aii'.s of rtjlls may l)(‘ used: 
in the latter case the ijair.s aie ]^laeed one 
above the otlierj the material [mswing 
between each pair in succession, Tlie dis¬ 
tance between the rolls is adjustable accord- 
iiig to the lint?ness t>f the material being 
hantlleci, but tbeir furietion is solely one of 
mixing, and not crushing. 

Driving is effected hy means of pinion 
wheels mounted on the ends of tlie roll 
sliafts and meshing together, lilach pinion 
may have the same number of teeth so as 
to drive the rolls at tlie same speed, hut to 
reduce wear upon tlie teeth it is not un¬ 
common for one jdnion to have one more 
(or one less) tooth than tlie other. 

As a rule, the surfaces of the rolls are 
smooth, and the rolls tliern.selves (?ylin- 
dricah Kut occasionally the snidaccs are 
fluted, or have longitudijial grooves (uit in 
them to increase the surface luid tlierehy 
enhance tlie mixing. The rolls are some¬ 
times made conical for the same ]mr])ose. 
After passing tlu'ongli the rolls the 
material falls into the img. This is a 
cylinder containing a shaft having blades 
lipon it aiTanged a.s an interrupted worm, 
which force the stiff paste along and extrude 
it through a die, after which it is cut off at 
intervals, and the Inmii.s, or “ clots/' as they 
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are termed, go to machines to bo mado up 
into shapes, 

Pug8 arc of two kinds, vortical and h(jri- 
zontaL The latter is the more popular, as 
it will deal with stitlor bodies. The function 
of the jnig is jji'incipally convoying and 
extrusion, but as additional water is fre¬ 
quently added in it, in order to get the right 
degree of plasticity, it has a certain mixing 
fune tion * [ t also eo m p rcsses tli c hody, 
thus rendering it 7noie dense and tough. 
The mixing function is sometimes enhanced 
by fitting stationaiy counter knives to 
pi'event jotation of the mass; or a pair of 
sJiafts rotating in opposite directions arc 
sometimes employed for the same purjiose. 

Pugging improves all plastic materials by 
rendering them more dense and homo¬ 
geneous, With non-plastie matenals, such 
as sands and ground silica rock used in the 
manufacture of silica bricks, it is not prac¬ 
ticable unless a sufficient pro^iortion of 
water be added to produce a slop. Any 
attempt to do so causes the mass to jamb 
inside the body of the png, with consequent 
breaking of the knivesn The same trouble 
sometimes occurs with highly siliceous 
materials such as argillaceous sands, but 
may often he overcome by kneading the 
mass with water in a horizontal mixer 
before passing it through the pug, as 
previously described. Where no clay 
is present even this is not practicable, 
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' Silic^i brick mixes of this cli.iracter are 
prepared in solid-bottom pans. The rock 
IS groimd for a certain period, 10 or 15 
minute, dry; milk of lime is then nm in 
durinff a further period of 5 minutes; this 
serves to ineor])oiate the lime throughout 
the mass- TJie }>ateli is renif>ved from tJic 
pan by means of a scooj> or wliding door in 
the bottom and made uj> at i>y hand, 
no ]>eriod of ageing l^eing mpiired in this 
case. The mass may be compaiod to a 
clay mix composed entirely of giog if such 
a mix Mere possible. The shapes Jiold 
togethci" M'hen di'icd by the setting of the 
lime ill tlm same way as mcniar- Owing to 
the comparative coarseness of the material 
compared M'ith clay, the Mater quickly 
percolate througli, so that thorough mixing 
does not present the same problem in silica 
brick manufacture as it cloes in fii’cclay. 

Owing to the irnportarKc of getting the 
conxict proportion of lime in the mix, silica 
brick mixes are invariably made in batches. 
2 to 3% of actual lime is usually ad<Icd 
and the correct firoportion must be mairi- 
tamed if bricks of uniform cnm|x>sition and 
refractoriness are to bo obtained. With 
fireclay bodies containing 40 or 50% of 
grog, however, slight variations in pro¬ 
portion of grog and water do not produce 
the same effect, and consequently con¬ 
tinuous mixing is preferred for large outputs. 

A simple device for ixigulating the addi- 
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tion of wiitot' Ui m\x nmy dtwoi'il>cd, 
The devke is illustrated iu Fig. 14. The 
mixer, A, is of the horizontal type. The 
elay or otlu^r uiateiaal is feci fjoui the 
vertical elude* li, through an ojifiee the 
size of wliieh may l)e varied. AVator is 
s u I )p 1 iet i froi 11 th e i j >e. (\ to a |>er^ 
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foratod pipe, l)> tlie food being T'egidatetl 
by tile tap, K, actuated by the lover, F. , 
The exact amount of water passing can bo 
measured by the meter, (s. The pivoted 
plate, K, eoTiti'ols tlie sujijily of clay, and 
this can be regulated by mearrs of the 
balance weight, K, which can bo moved 
along the lever arm, F, The piato controla 
the jnovement of the lever, F, aa well If 
tho supply of clay diminishes, the left half 
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of the plate ri^es^ <lepreysing the right half 
and reducing the apply of water, ff tlto 
clay feed ceases altogether', furtlun' move- 
niont of the plate completely cuts elf the 
supply of The device is a siiuple 

one and can easily be fitted up in the 
average works. A<ljustnn'iit is (juickly 
effect^ by moving K along tht^ lever arm. 
The water lueUu is not essential, but is a 
great convenience both for regulation of 
the supply and opej atiom 

Turning now to the fiiuT (iejuniie iiidus' 
tries such as the manufacture of bodies for 
stoneware, china and porcelain, we find 
that a much liiglna- d(^gjee of intimacy in 
mixing is ro([uired tlmn foi' coarser bodies 
such as bricks ajid bhudts. Thi^ materials 
are much more finely ground ajid incor¬ 
porated. 

Stoneware is the tiame given to bodies 
made from clays burnt to su<'h a tfegree 
that they become vitrifusi, practically the 
whole matrix being t:onvi'rted into a glass, 
so that the wJujle body becomes non- 
poroua, Tbc highest degree of vitnficafcioji 
13 reached in chemical stoiitswaie, wliieli Inis 
to stand the action of hot, concentrated 
acids and must theiefortf be f]uite iniijcr- 
vioue, otherwise penetration and disintegra¬ 
tion quickly result, Tlio btidies usually 
made up by mixing the clays and water in 
a mixer not unlike that in which bread is 
' Sw Britifth Chi/wofkeT, Juiic li>24. 
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kneaded. Powerful blades knead and turn 
over the whole mass until a stiff paste free 
from air bubbles is produced* This is then 
left to age, or “sour/' as it is termed, for 
periods varying fixjm six mouths to two 
years before hoing made up, 

China ajKl poifx^lain are prejjarod fiom 
a variety of materials, but the basis is, of 
course, china clay and ball clay with the 
additioji of flint and fels^iar, bone ash, or 
whiting; numeious otlier materials aixi 
used, but ]ieed not ho dciilt with here* 

TJie method of ijic<nporating these ma¬ 
terials is as follows* The ball and china 
clays aj’c jdaced in a tyjte of mixer known 
as a blunger, 1’his is not unlike a eement 
wash-mill, and consists of a eircidar wooden 
vat having onp or more vertical shafts each 
carrying two horizontal wooden arms from 
whicji depend hanows. As tJiere are no 
hard particles to lie bio ken up, these 
hari'ows are rigidly fixed to the arms* 
HoriKontal shaft blungers are sometimes 
used. The nhaft carrie.s a series of discs 
with flanged peripheries; longitudinal bat^ 
tens are bolted to the flanges and carry in 
their turn wooden beaters which beat the 
material into a slip. The whole is con¬ 
tained in a drum which may also be made 
to rotate in tjie reverse direction to the 
shaft, thus doubling their relative speeds 
and preventing the settling out of heavy 
materials. The clay and water are occur* 
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ately'pi’oportioiied to give a wlip cojitainiiig 
a definite quantity of material per so 
that it may be measuretl into a mixing vat 
by depth. The flint and stone aie likewise 
eonverted into a dip of definite composition 
and the correet quantity la run into mixing 
vats with the elay slip. Sometimes the 
slip is passed thixmgli a sieve or lawn ’’ of 
fine mesh (1^0 meshes to the linear inch) 
to separate eoai’se particles and give a 
smooth cream. 

American consists in jirc'paring 

the slip in a ball mill. The materials are 
ground with water to a fine cream. 

The sli}) is next passed throiigli a filter- 
press and tile resulting eakes a 1*0 again 
blunged with water to whic-h some dcfloe- 
culating agent, (usually sudinm carbonate 
or sodium silicate), ha.s been added to in- 
crease the density of the slip. By this 
means a slip weighing ItC or 37 ounces per 
pint, and tlierefoi’e containing less water, 
can bo produced, wlicreas with water only, 
27 ounces per pint would l)e the heaviest 
slip which would flow, 

TJio shapes, sueh as lavatory basins and 
other sanitary ware, ai'c made up by run¬ 
ning the slip into the plaster moulds, which 
quickly absorb the water, causing the body 
to shrink away from the mould, so that it 
may easily be removed. 

Xho abovo is the method for large and 
complicated shapes; for small pottery 
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bodiea the pressed cake may be pugged 
and made up on the potter^i^ wheel, or by 
other moans, as a paste. 

The preparation of ceramic bodies and 
glazes is sueli a wide snbjeet that it is 
impossible to do more than simply indicate 
the ?nothods in use for mixing and Ijlending 
the coTistituonts so as to jirodiiee a hoino* 
gencous mass winch will vitrify evenly and 
produce a dense, liaid body, Tht; method 
of blunging with a relatively huge amount 
of water illustrators the Jidvantage of wet 
mixing ovoi^ dry. The degree of homo¬ 
geneity thei'eljy obtained is retained on 
de-watering, and the resulting [laste may 
then be readily t^onvei'ted to the desired 
consistency for easting or moulding. 

liefoii> leaving tlie subject of mixing in 
the ceramic industry, ndet'cnee may advan¬ 
tageously be made to a method in vogue in 
America and recently introduced into this 
country for the mixing of materials for 
brick-making, althougli it might be em¬ 
ployed in a variety of industries for mixing 
materials in bulk, pmvided these did not 
suiTer in quality through rubbing or squeez¬ 
ing (see Mixing In the >'ertiliHer fndustry, 
Chapter VLl}. 

The screened materials arc dohvered in 
succession on to tlie upper run of a steel 
belt conveyor, iix the correct proportions, 
and thus form super-imposed layers. After 
the last feeding point a series of ploughs 
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turns the material over and roughly mixes 
iti at the aamo time, water is sprayed upon 
it by compressed air through a aeries of 
atomisers. The wet mix is finally ploughed 
off the ii]>per run on to the lower, whence 
it IS delivered to tlie difTerout prmes,i 
This arrangcnient, theivfore, eomlnnes the 
functions of conveying, mixing and mois¬ 
tening, Steel belts are coming increasingly 
into use on account of their wear-resisting 
qualities, and pvovi<led tliey are run at the 
correct speed (as a rule m>t more than 
200 feet per minute) over pulleys not Im 
than 40 inches in diameter, they are quite 
satisfactory. 

^ Hoy Jottr. A)ftP}\ Tfr, This 

Jhinli' by Iklt Convcyoi-Sj Ltdj 



CHAPTEIt VII 


MIXING IN TTI15 FERTILI&JEB INDUSTRY 

Tub mamifaoturc of frrtiliscrw involves 
the intimate mixing of mat'Crials which in 
some cases Tuquire s}>ec]al treatment, as 
they cannot he Jnuidled in the oixlinary 
types of machines* Moreover, efficient 
mixing is highly important, first l^eeansc alt 
fertilisers arc reijuired liy law to contain 
definite fpiantitics of nioAi important con¬ 
stituent, namely, phosphoric acid, nitrogen^ 
and potash; and these (]nantities have to 
be stated upon tlie containers, and are 
subject to analysis Ijv the Official Agricul¬ 
tural Analysts. ^Secondly, although by no 
means less important, iiniess the mixing is 
efficient so as to produce cojjipound ferti¬ 
lisers which aro liomogcncons, when a]jplied 
to the land some portions of the latter would 
receive insufficient of one constituent and 
too much of another, and the effect upon tho 
resulting crops would ho harmful either way* 

The principal constituents of most ferti¬ 
lisers are; phosphoric acid in the form of 
calcium phosphate; nitixjgon in the form of 
ammonium salts such rv sulphate, nitrate 
or chloride, nitrate of sofla, organic matter, 
or cyanamide (the last has a veiy limited 
use); and potasli in tho form of chloride or 
sulphate* 

In order to render the phosphoric acid 
soluble and thcrcfoi-o assimilable by plants, 
it is usually converted into acid calcium 
103 
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phosphate by the aotioii of either sulphurie 
acid in the manufacture of ordinary super^ 
phosphate, as it is tertned, or by the action 
of phosphoric acid in tlic manufacture of 
douI)Ie superphosphato. 

This process, which is, of course, a wet 
mixing, is carried out in simple ty|xjs of 
mixers of the vertical oi' liorizontal tyj)e* 
In the former case, the juixer usually takes 
the form of a cylindricai container with 
a hemispherical hottfun, made in special, 
acid*rcsisting, cast iron. It is pmvided with 
discharge doors opening outwards at the 
bottom. The agitator consists of a vertieal 
spindle carrying mixing blades of helicoidat 
shape arrangofl so as to agitate and circulate 
the semi-liquid mass* Wueh a machine is 
illustrated in Fig, 15. 

It is customary to fix the mixer above 
two or more supcrphosjiliate chambers or 
“ dens,” as they are called, in sinsh a manner 
that discharge may be efTccted into any one 
of the dens by opening the appropriate door 
in the bottom. 

The process of mixing or “dissolving*” 
as it is termed, is effected as follows. The 
agitator is set in motion, ajid the acid and 
raw phosphate, in the fortn of mineral phos¬ 
phate or bone meal, are adtled simultane¬ 
ously, Agitation proceeds for a definite 
period, usually two minutes, found hy 
experiment to be the minimum required 
to produce a homogeneous cream. The 
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appropriate door is then opeiie<1 and the mix 
dis^chargerl hy gravity into the (ien; tlie 
door Ls then clo.'soch a furthtT l)ateh nin in, 
mixed and discharged as before; the eyele . 
of ojaTaiions is eontiniasl until tho den is 
fu/1, when the next is filled, and so on, 



TJie mixing is to ejiHure hitfmato contact 
bctwcien the acid and the jdiosphatG;, the 
eliemical action being eomjdcted in the 
doiL TJlc raw jihospliato is previously 
gmund to pass a 60-mesh sieve. The mix 
sets in tiic den to a soft, dry mass readily 
biToltcn down witii picks or by excavating ^ 
machinery. 
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In, some works horizonW mixers ai’c used* 
These are provided witli a door at Oiuili end 
for disehai’ge. Tim mixer is fixed iieross the 
top of tw'o dens. The homontal shaft 
carries an open, lielieoidal worm* Tfiis 
agitator liaving Ijeen set in mothm, the acid 
and phosphate arc ictrodnccd* The worm 
forces the mass first towaids the exit door, 
which is, of course, chjsed^ tlm diretdion of 
nitation is tlien reversed and tiie mass forced 
to the other end; the discharge door is 
then opened, and the shaft being again * 
reversed, the woriu forces tiu' mass out 
into the den below- Tins arningemcnt, 
althougli giving a sligfilly f|nicker diseliarge, 
lacks tlm siinpiicity <d the vertical mixer, 
which is kept continuousfy rotating in the 
same direction, fliiless souiewhat compli¬ 
cated, automatic reversing gear is eniployed, 
aJiother attendant is requiretl to reverse the 
shaft at the appropriate intervals. More¬ 
over, tile strain put u]K>n the s]>indlc hy the 
continual reversal of din^etion necessitate 
it being made steuger than would otherwise 
be necessary. Jn the most nuMlern hictorics 
the whole jwoeess of dissolving is carried out 
by one man. 'J'he phosj>}iate is })nmglit by 
a conveyor to the mixing loft and automatic¬ 
ally weigluvd; a magnetic device comes into 
action as soon as the scale tips, wherehy the 
supply is cut off; the acid is eontrollcd in 
similar manner, a far rnort! s^itisfaetory 
arrangement than the old one, in wliieJi the 
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attendant had to cut off the flow when the 
level reached a mark in an open nfieaaunng 
tank ; a very slight error of only half an inch 
or so made a considerable difference in the 
charge of acid to tlie mixer* 
f-ontimious dissolving tie vices whereby 
the acid iuid pliospliate are measured con¬ 
tinuously, and flow into one end of a hori¬ 
zontal mixer-conveyor to Ijc discliarged at 
the other end into the den, have been 
evoivedj but have not t^oine genei'ally into 
favour, at any rate in tins country. Such 
arrangements would untlonbU^tlly effect a 
marked .saving in time, Imt the difficulty iJi 
measuring a solid, oven when in a finely- 
divided condition, with the accuracy neces¬ 
sary lias hitherto lu'evcnted tlie general 
application of such a scheme. 

When wo come to the nianufaoturo of 
.suohafertili.soras di.ssolved bone oompound 
(called in the trade intermittent 

hatch mixing is the oiily pnietioable way. 
This material is pre]>ared from raw phos¬ 
phate and sliodrly (wool waste), by treatment 
with sulphuric acid in the usual w^ay. The 
shoddy is extremely bulky and fibrous, and 
would bo practically impo.ssible to measure 
continuously with any degn^e of accuracy. 
It is usually simply weighed out and intro¬ 
duced first into the mixer. The raw phos¬ 
phate is put in on top of it together with the 
acid, and the whole thoroughly mixed, Tho 
material, a darlc fibrous mass, takes about 
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six months to inatni'e in the heap, as solution 
of the shoddy by the acid proceeds very 
slowly. 

The question of tlic cndei' in wliioli tiic 
materials arc placed in a mixer is one of 
considoral>]o inipoitancc in a large number 
of mixing problems. When mixing solids 
and liquids, it natinally stands to reason 
that tlie solid sJit>ul{l not be put in first, 
as it would tend to cake on tJie bottom* 
lihe most eifcctivc way in must cases is 
to add the solid and liquid simnltEUicousl}^ 
The words of Mj', 1j. M. (h rVaser, Ulmirman 
of the British (licmical Plant Manufacturers’ 
Association, mav Ijc fuiotcd with advanb^gc 
here, 

Probloms of mixing diy and wet 
materials can yet studied witli ad\ran- 
tage, and a great deal of useful power saved 
by studying the rapidity of absoi'ption of 
chemical reaction that is required to take 
place. Where the time factor comes in, 
large mixers with slow motion and less 
relative power may be advantageous, and 
with rapid solution smEiJler mixers and 
quick motion aie advisable. I Jiave known 
of cases where a very large amount of power 
was 'saved by the sini}jlo exjjcdicnt of 
studying the order in whi<di tlie materials 
were put into tho mixer,” 

la the case of superi>lui.sj>hate and like 
substances, the question of chemical action 
in the mixer is not so important, as in any 
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case the reaction coinpletea itself on stand- 
ing in the tlen, or in the heap in the case of 
But in oixlor that this chemical 
reaction inay ])rocced to the [)tx>pcr flegree 
of oompletioTi, intimate incorponition in tho 
mixer within a short space of time is highly 
important, and a careful consideration of the 
exact coiulitioJis of jnixing is amply repaid. 
Turning now to methods of mixing and 
blending compound fertilisers, wc find a 
variety of special riu^thods in use. Suficr- 
phosphatos and like substances arc of a 
pccuiiar charaeten Tlicy must not he 
pt’ossed or sheared to any extent, otherwise 
they tend to *' pastes” more csjjccialiy wlien 
still hot from the den ; on cooling, tliis j)astc 
sets to a hard, tnngli mass wliich cannot 
be ground in tlic usual way, as jt merely 
pastes again, but has to be disintegrated 
by blows upon the unsuf)ported matcriai; 
even when toated in this manner it is often 
very difficult to pulvciisc, if in tlie form of 
small particles of the siae of a jrea. This is 
one of tlie chief reasons for tlie difficulty in 
designing suitable cxeavating mechanism 
for the dens, and why even to tliis day the 
pick and the shovel are still used to a con¬ 
siderable extent for this purpose. 

Mixers for blen<]ing superphosphate with 
sulphate of ammonia and potasli salts are 
designed with the object of avoiding, a.s far 
as possible, any grinding or squeezing action 
on tho material* They are of both the batch 
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and continuous types. An example of the 
former is the Sturtevant battsli mixer niade 
by the Hturtevant Engineering Co,, Ijtci,, 
tiic f)rineipJo of A^'hieh is tJie same as tliat 
of the Drum eon ere te mixer described in 
Chapter V (Tig. ]2}. 

It consists of a closed drum in which the 
same opening serves for tJie feed and dis- 
eJiarge; thus there is only <inc opening to 
seal against <iust. The end of the drum 
op]]Osit(j the fecxl is ma<h" easily I'cmovablc 
on the open-door pnneij>le, so that the 
interior is readily aeec^.ssible for cleaning, 
'riiis is an importjiiit point with fertilisers 
where frequent ehange.s may lie made in the 
mixings, I'nless properly cleaned, the 
residue left in the mixer will cake in the 
manner peeidiar to super] j1i osphates. This 
residue will then be discharged with the 
next batc^h in tJic form of liinqjs, which 
will necessitate re-milling in order to get 
the material into the fine i^ondition necessary 
for sowing. 

The action of mixing is self-explanatory 
from the figure, ami chaj ging and discharg¬ 
ing arc effeettxl by l)ringing the appi-opriate 
scoop into position. Mixing is effected in 
half a minute, Tfio drum is rotated by 
meana of a paii' of toothed J ings, one at each 
end of the tlnim, whicli gear with a pair of 
small pinions rotated by means of a jmiley. 
It will he noted that the material is not sub¬ 
jected to any rubbing, grinding or squee^- 
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ing action \Mh to cause the material to 
jjasto and harden. 

Tho iiiachhie is iimde in l>ateh sizes of 
5 ewti^., 10 cwts. and 1 ton^ LorreH[H>iiding to 
mixing capneitio.s of 1^1, 21 and fiO cubic feet 
res poeti vely. T U e ou t[)u t vai ies in the 
flilTej'Diit sizes frojn 11 to 20 tons per hovn-, 
and absorbs frotii 1) to 10 brake horse power* 
Speed of revolution is 120 np.ni, in the 
smallest size, 100 np.in* iii the intermediate 
and 7o r.pjn* in the laigest* 

Tliis mixer is t excel lent for prejjanng 
rebitively small hatches of accni^ate eom- 
jjositioji for the fulfilment of small onlors* 
Owing, JLOwevcj', to the nee(^ssitv of ageing 
mixed fertilisers for |)e! iods varying from a 
week up to six mojitlis, it is neces.sary to 
anticipate Jaige orders and juake for stock* 
‘Fertilisers wliieh give the most trouble with 
caking aiv. those containing sulphate of 
ammonia and suj>ei phosphate* Tf bagged 
immediately after mixing the whole sets 
to a hard, rock-like mass perfectly u.seless 
to the farmer* This tendency is greater the 
greater tlie content of sulphate of ammonia 
up to a |)oint. The usual practice is, there¬ 
fore, to mix sufficient of a high-grade 
fertiliser of this eliaracter containing tlio 
maximum quantity of sulphate of ammonia 
likely to be rcquir<xf. The lieap m allowed 
to mature for as Icnig a period as possible, 
hut certainly not less tlian a month and 
jjrefcrahly two months, hVom this tean* 
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after maturing, other mixtures containing 
less sulphate of ammonia can readily bo 
made and haggefl at once, ready for deli ^^e^y. 

The mixing of these hea}is for stock is 
usually effected continuously in a type of 



riD, IS.—I^LVElL BlEXDEIL 


machine which pulverises by a series of 
rapid blows upon the unsupportc<l material. 
One example of such a machine is Tyler’s 
Piilver blender made by the Bieklo Engineer¬ 
ing of Plymouth, and illustrated in 
Fig, 16, The vertical, balanced shaft. A, 
carries beaters, B, of a particular shaw. 
Below the beaters is a disc, C, which also 
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rotates with the shaft. The material is fed 
by means of an elevator (not shown in the 
diagram) to a ehiite^ whence it falls over 
the distributuig which gives even dis¬ 
tribution of the material to the Ijcaters. 
The shaft i^evolves at a speed suitable to 
the hanlness of the material, giving a 
linear velocity at the ti]js of the bcatcj's of 
f>000 to 8000 feet per minuter, wfierehy the 
lumps are instantly shattered and hulled 
against the screens, \*\ which separate fcho 
fine nuitcriah ljmn])s ^c}licll cscai)e the 
beaters arc eanght the ciisc and hurled 
outwards upon the screc'iis with sufficjent 
force to disintegrate tlienn Finally fan 
blades (not shown in the diagram) are fitted 
below the plates and rotate with it, thus 
cireulating the air and drying and aerating 
the ]julveiiy<^d materia L 

Owing to the sciH'tais being inelined, the 
area of each rnesh projected on a vertical 
plane is considoi ably smaller than the actual 
area and thcrefoi'c screens of a large mesh 
which wdll not readily choke ufj, can be used 
without j>aKsing too eoaiso a product* 

Tlie machine is, of course, both a pul¬ 
veriser and a iinxei'* When used as the 
latter the materials are brought to the foot 
of the elevator in the eorR‘,et jn'oportiona 
and simultaneously shovelled into the boot, 
to be elevated, pulverised and blended as 
above described. The tailings run down to 
the bottom of the .screens and are I’etumed 
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by meana of a chute to the boot of the 
elevator, 

Tlie^ luachincw arc made in small port¬ 
able iilzGn with capacities from 1 to 4 tons 
])or hour, anti in large lixed sizes with 
capacities from 10 to 130 tons |)or hour. 
Power re(juirecl in the small sizes is from 
f) to 10 h.p. ajid ill ilu^ large lo h.p., include 
iug that for the elevator* These niaelunes 
may he used for the ])rehmirary mixing 
preparatory to ageing in tht^ heap, and for 
this f>uvposc arc highly cllieierit, as the 
aerating and drying ellc£ t ]>roduccd by the 
fan blades upon the liot, damp supcj'phos- 
phaU^ is very beiiehcial in getting the 
material into fine, friable condition. Tor 
the purpose of mixing orders for dispatch, 
Uic small })Oitalde sizes aie os}jecially use¬ 
ful, as tlioy may be moved about fi\mi one 
part of the store to another so as to deal with 
dilferent heaps. 

Another type of macfiine consists of a 
pair of shafts earTyijig roivs of arms; the 
arms upon one shaft pass between, and thus 
partially mesli witli, those u})on the otlier* 
The shafts ai'e nwolved in ojjposite direc¬ 
tions at liigli speed and the material is fed 
between them and theivliy pulverised and 
blended* 

In all these maeliines it will he notc^d that 
the main principle involves blows upon 
the unsuppotte<l material, and this, in fact, 
is the only satisfactory means of dealing 
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with mixed fertilisers in Jumps. Any 
attempt to deal with sucJi inatcriais other¬ 
wise generally proves unsatisfactory. An 
example of such an attempt may be cited 
to show its futility. 

In order to bJend sulphate of ammonia 
With superphosphate eon tin nous Jy, the 
former was delivered by a table measuring 
device (see Chapter Jll) on to a tray con¬ 
veyor wliieh carried it along in front of the 
mouth of the den from which the super¬ 
phosphate w'as being oxccavated mechanic¬ 
ally, Thus the latter formed a layer super- 
im^Kised n]>on the riblion of sulphate 
of ammonia. The tw'o materials were 
delivered tJver tlie ond of the conveyor 
into the boot of an oleviator, wlienee tliey 
were carried up to the top of tlie building 
and delivered, by nicajis of a hopper, on to 
a steel belt conveyor. A diag<jnab lamin¬ 
ated steel i)Jade mouiite<l ii\Km a carriage 
whereby it eould be moved to different 
positions <along the belt was provided, to 
deflect the material; off the belt so as to 
drop them at any jioint on the ground below 
its Hue of travel Jt might be thought that 
aftdr so niiieh travelling, handling and 
falling the materials would be well mixed 
by the time they reaclnx] the deflector 
blade; this was not, however, the case, 
begin with, tht^y could easily he distin¬ 
guished as separate pockets of material in 
the buckets of the elevator, being hardly 
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nlix^^ at all; iLpon tlie l)cU they were 
partially mixed, hut mt nearly sufficiently, 
Finally, the deflector hJailo aotualJy separ' 
ated them to a gi^eat extent, liy ixjJling the 
superpliosphattj into halls about the siiWJ 
of a ])oa, and tliese balls rolled down the 
side of tlie lieaj) as it was Innlt ii]) and col- 
Iceted at tJie bottoin, and th<^ result w'as a 
heap in whicli the sujiciphosphate was 
mainly at the bottom, and the finer, orystal- 
line, sulphate of ammonia at the top* The 
lesidt, fis a mixing, was ]»erfeetly useless and 
had te bo jnillcd two or tlireo times before 
it was propel Iy mixed, in a type of inachiiic 
l>reviously described, in order to break up 
the small hard halls of super phosjrhato and 
thoroughly bhoul thtnn into a ln)rnt>geneous 
mass with tln^ suljjiate of ammonia. 

This case irrdieates tlie necessity of proper 
treatment of fertiliser material^ in order to 
mix them thoroughly, and tlie importance 
of avoiding as far as possible in the process 
any action which tends to squeeze or mb 
the material. 

In passing it may bo mcntioncxl that the 
recent tremendous explosion at the works 
of the Badischo Aririin- & Hoda^Fabrilv at 
Oppau in 1021, in which a large dump of a 
mixed fertiliser consisting of sulphate and 
nitrate of ammonia exploded, causing a])pal- 
ling damage and loss of life, was attributed 
at the inquiry to the existence of pure 
ammonium nitrate which detonated the 
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whole jimss during the praceas of lueaking 
up by bl anti Tig. l^he existence of such 
5 x)eket>s would indicate imperfect mixing, 
and the ex[jIoKioii would j^obably not have 
oceuT^'cd if tfiis had liceri jnoptTly carried 
out, as, although nitrate of ainmoiiia can he 
detonated, repeated attempts to detonate 
the mixed salts in experiments at WooJwicli 
faiicth 

The mixing of raw ]>hosf)hate and basic 
slag in tlie j>reparation t>f “ slag phosphate 
or onriehod slag has already been referred 
to in riiaptei' III, 



CHAPTER VITI 

^ MIXING IN OTHEK iNDUSTKIES 

BuWwr Mixing* — The incorporatjon of 
various substaiuies mch as sulpJiur, Jiino, 
litharge^ etc,, with raw 7'ul)bor for tho pur¬ 
pose of vulcanising and filling, is an ex¬ 
tremely important branch of the rubber 
industry* Hiilphur is added in var^ring pro¬ 
portions aci^oniing U> the q^uaiity of vulcan¬ 
ised rubber I’cquii'cd; lime ami iitiiarge are 
added oh aeceleiators of vulcanisation; 
whilst various otlier substances, such as 
carbon black, litliophonc, slate dust and 
bitumen, are added either as simple bllors 
to cheapen the j>roduet, or to improve its 
strtmgtJi and ti^xturo* 

Jiaw rubber is a stlif, iilastie and some¬ 
what sticky substance, and calls for special 
treatment in mixing* Tlie ordinary typo 
of mixer would be quite useless, as the 
rubber would simply cling to the blades and 
shaft as a sticky mass and revolve with 
them, no mixing action whatever taking 
place- The nmtiTials, or “drugs/' as tiiey 
are termed Jti the trade, might i>e incorpor¬ 
ated by dissolving tho rubber in some solvent 
such as naphtha or carbon ilisulphide and 
then adding tho “drugs*’' In this con¬ 
nection, the colloid mill may be applied 
and extremely intimate mixing obtained* 
The cost of evaporation and I’ocovcry of tho 
solvent would, Itowcver, prohibit the use of 
this method for large and heavy goods such 
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aa tyres. The means universally employed 
for this purpose consist in squeezing the 
materials into the rubber by jneans of a 
puu of eaHt'h’on rolls^ set eJose together; 
the distanoo ajiart may be varied. These 
rolls resemble those used for washing the 
raw rubber, but are plain, instead of being 
fluted or corrugated. Tlioy are jnade of 
cast iron, and are hollow, to enable them 
to be heated or eooled. They revolve in 
<]ppowite diiL'ctiojis at relative sjjceds vary¬ 
ing from to 2, down to 1 tooth difference 
in the jjiniori.s actuatijig them. The usual 
size is Jhi inches long by 16 indies diameter. 

The jn’oeess of jnixing is as follows. The 
ru})ber is passed through tbt^ rolls repcate^Uyj 
the latter lioing gradually tightened up 
during tlie process, until it is thoroughly 
“masticated’’ or plasticised and formed 
into thin sheet. The materials, in fine 
powder, arc then sj>rinkled upon the sheets, 
which are again jjassed tbi'ough the rolla 
whereby the |K>wclers are ])r(jssctl into the 
soft mass. Tins jaoeoss is repeated until 
a homogeneous jdastic mass, in which the 
“drugs” are evenly disseminated, ia pro¬ 
duced, Any rubber which adheres to the 
nffls is removed by a scraper or “ doctor.” 
A baU'h of 1 cwt. takes iJO to 40 minutes 
to mix. 

The aim is to produce a homogeneous 
mass or “ dough ” without overworking 
or “ tiring ” the rubber. Hero again, aa in 



mXING IN OTHEK INDUSTRIES 119 


the mixing of the snperphoijphate in ferti¬ 
lisers, we have a material of pceuJiar 
character which calls for special treatment* 

The rolls are usually diretst driven by 
clecti'ie motor, but occasionally belt {h'ivc 
is employed from a hue shaft,^ 

Hydration of Lime. “The mixinj^ of Jjtne 
with water to produce hydrate of Jiinc is a 
process which calls for si)ecial treatment 
where a satisfactoiy ]it>:)duct is reqiiii’ctl. 
The proem may he divirled into two classes, 
acfO]'ding to wlietlicr a wet hyrlrate 
milk of Jinic) or a dry hydrate is required. 
Jn the former case no spcc;ial features are 
pi'csentcd; a circular vat ]>revided with a 
rotating agibitfjr somewJiat resembling a 
blunger or wash-mill is the apparatus 
required. This is filled with water and the 
quicklime added in lumps. The lumps 
quickly take up water and hydrate, with 
production of lieat and swelling, and con¬ 
sequent flisintcgratiom The? aims of the 
agitator quickly disseminate tlie fiiui hydrate 
first formed on the surfa<'e of the lumjis 
throughout the liquid, exposing the cori‘8 
to tJie further action of water until com¬ 
pletely hydrated. Tlu' milk is run tlirougli 
a screeji to a storage? tank in oidtsi' to separ¬ 
ate stones and any jhcccs of unhydrated 
lime. In some cases the lime is placed on a 
grid or in a basket kept in vibration, which 

' See “ ludia-Rubber !UkI its Manufacture/* by 
H, L. Tany. Constable. 
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la inimcrswl in t}ic tank. The movement of 
the ba^sket fte]>aratcs the hydmte from the 
uiihyilratefl lime anri lm)iui ities, whilst the 
agitator serves to hohl it in siiK|iension, 
VVhcuti a dry hydrate is I'equired, a 
different problem is presentorL Water 
must l)e added in only just sufficient 
quantity to hirm the Ji yd rate* Too much 
will produce a ])asto, whilst too little will 
give some qiiieklijne in the product, which, 
for most puiposes for w'hieh the hydrate is 
required, would l>e Inghly undesiiaide and 
deleterious. The mixture passes through 
a sticky or plastic stjigc l)cfon^ being coii' 
verted to powder; consoquentiy a type of 
mixer combining the fmictions of both wet 
and dry mixing is mpiircd. 

tlydrators tiuiy be of the batch or 
continuous tyqa^ A sinqjle ty])e consists 
merely of a horizontal cylinder ptuforated 
with Imles. Tlic cjuicklime is added at one 
end, and as it travels through the cylinder, 
meets jets of water, Hy<lration takes place, 
heat is evolved and the dry hydrate is 
screened out through the holes, whilst 
impurities remain behind and are worked 
out at the opjiosiU^ end, the cylinder being 
slightly inclined for this purpose. The 
disadvaTitage of this type lies in the diffi¬ 
culty of making the holes the CJorrexjt size. 
If too large, unslaked lime and pobliles will 
find their way into the ]jroduct, and if too 
small they will quickly become clogged. 
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ITie “ fTytlc ” hydrator consiijt^j of a 
circular pan of Hiiiiilai’ typo to tliat of a pan 
mill, l)ut in place of scrapori^ aro pro¬ 
vided which plough and turn tlie material 
over, breaking up and expowii^g fresh sur¬ 
faces to the action of tlio water until 
hy{lration is complete, wfien the batch caji 
bo rejnoved and scrocn<Hh The pan is 
surrounded }>y a liood and stack to carry 
otf steam aiul dust. Another type, the 
Weber, consists of a trough containing tw'o 
horizontal shafts carrying |Ki{ldles or }:teatc^rs 
revolving in opposite tlitections, with a 
d isch a i 'go f I oc >r at the I jo tto nt, T liis 
machine resendjlcs FaweetUs Tar Macadam 
-mixer {see f-hapter V). 

Both the former arc of the batch-mixing 
type. Turning to continuous hydrators, of 
which the rotary screen prcwiously men¬ 
tioned is a ty]je, two may be mentioned. 

The “ Kritzer liydrattJr eojisists of a 
scries of six tubes placed one above tJie 
other. Each tuho contains a .spiral con¬ 
veyor of the open or interrupted worm type. 
The lime is M in to tlio ttjp tube, whilst 
water is sprayed in at a point two-thirds 
of the way up a stack which surmounts the 
whole system; in this way a portion of 
the fine dust is eauglit ami returned to 
the system, >K>me steam cjondetist^d and the 
water warmed; it flows tlown into the tubes 
and hydrates the lime, and the hydrate falls 
out at the bottom. 
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Tlie “ Schaffer ” hydrator works on a 
similar principle, but is of different design. 
It consists of an upright cylindrical ves.sel 
divided into circular chambers by means 
of shelves, A central^ vertical shaft 
carries arms Avitli rabbles wliich sweep the 
shelves. The latter has lioles alternately 
at the centres and peripheries* The lime is 
fed in at the top and is swept down from 
shelf to slielf, the water licing sprayed into 
the stacli. The wliok^ e]os<dy reseinblos 
a HeiTcsehofli meehaiiieal furnace.^ 

A tyj>e of mixer lecently introduced for 
a variety of H]>eem] ]>ur[)oses, and adaptable 
to the above jmrposc, is the “Fusion"’ 
mixer made by the Kusion (Vjr|K)ration o^ 
Middlewieh, it consists of a horiTiontal 
cylinder in whieli. lies an clr>ngated paddle 
having four or six blades. This paddle, 
which extends nearly tlie full length of the 
cylinder, merely lies thcTein and has no 
other sup[joit* The action of this paddle is 
shown in Fig, 17. Iji A it is being raised 
by the rotary movement of the cylinder to 
the position shown I? from which it rolls 
over into the position 6\ By this action 
the material is continually turned over and 
over, and subject to a beating and slicing 
aetioiij whereby it becomes thoroughly 
mixed, whether wet or dry, and prevented 
from adhering to the sides and caking. The 

^ Sco “ Lime wui Magnisia,” hy N. V. S. KjiibbBj 
Messrs. Ernest Benn, Ltd. 
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blades do not come into direct contact witJi 
tlic sides, but fall upon the Led of material 
being treated* Movement of the material, 
through the cylinder is cfTecU^ti by the slight 
“ head ” between the feed and discharge 
end, and not l>y sloping the tube to even a 
alight extent; if this were done the paddle 
would tend to work down to the lower end* 
Mixing in the Organic Chemical Industry.— 
The manufactuie of O7'ganio compounds 



y:a. 17.—Cwoaa Seot^ojj uv yusjos Miieh. 

involves many processes such as iiiti'ation, 
sulphonation, and acetylatioiij in which 
mixing ])roblcms arise* Here the object 
of mixing lies in bringing the various 
materials into more or less intimate contact 
in order to promote and facilitate chemical 
action, and the type of mixing apparatus 
chosen will depend upon the nature of the 
materials and the type of cht^mical action 
involved. 

Processes of nitration and suiphonation 
will involve the mixing of liquids with other 
liquids either soluble or insoluble, or with 
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Jn the former caj^e, when the liquids 
are mutually soluble a veiy wimple type 
of mixer will wufhce; sueh Ih the case in 
the sulphoiiatum of phenol. A deep, cylin- 
d]'ieal veswrl jaek'(qrd w;tJi sk^am lias wus- 
jiendctl in it a vertical .shaft carrying at the 
bottom an agitatt>r in the form of an inverted, 
hollow frustum of a rone, which in attached 
to the shaft by means of webs or vanes 
arranged spirally,^ On rotating the shaft 
this agitator draws Urn liquid from tlic 
lower layers and circulates it, thus effecting 
mixing* In tlie case above mentioned the 
sulphuric acid is jJaced in the sulphonator 
first anfi the agitator set in motion. The 
j)benol, piwiously melted, is then added, 
ami dissolves almost at once with the pro¬ 
duction of the ortho.sulijhonic acid* If 
the para-, ortho di-sulphonic acid is required 
th(^ whole must be ke}>t in gentle agitation 
at a temjxjj’aturc of IPO-llO^ C* for several 
hours* As the plienol is already in solution, 
arid consequently in moleeular contact with 
tho acid, the agitation actually plays no 
part in bringing the materials in contact, ^t 
mci’cly serves to cause the whole volume of 
liquid to jiass in close proximity to the 
heated wails of the vessel, and thereby to 
become more j'apidly heated throughout* 
Where the liquid to be treated is insoluble 
in the acid, such os in the sulphonation of 
benzene and its homologues, more vigorous 
1 See Chapter II. 
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agita/tion ia required in order to disseminate 
the benzene throughout the aeid in aa fine 
globnlea aB pOBsiblo, The ^)enzeJu^ only 
disjolvof? in tlie aeid just aw fast as it reacts 
with the siamc, and conscquenlly agitation 
must he maintained until Holutiou is com¬ 
plete* For this ]nirposc* an agitator is 



Fifi. IS. — UoHiiONTiL Fig. nt —VL^l[Tn;l^ .\jni 

Arm Aoitatou. AurrvifJit. 


required with arms extending nearly to the 
full diameter of the vcssfO* sut^li as is illus¬ 
trated in Fig* 18 , which sliow.s a mixer with 
horizontal arms* In the case of a round- 
hottomed or heniisplierica) type of mixer, 
an agitator with vertical arms such as is 
illustrated in Fig, 19 is more convenient, 
This is a highly efficient type, as the semi¬ 
circular blade sweeps the }a>ttom of the 
vessel and prevents deposition* Mixers of 
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this pattern arc, therefore, highly suitable 
for the sulphonation or nitration of solid 
anatei'iaJs. 

A very useful foi'in of sulplionator stiiTer 
cojiHists of a vertical shaft carrying two 
in^peilers ojic iil>ove the other; the upper one 
drives the liquid <lownward and the lower 
one upwards, whilst arms arc mounted 
between the two to iiierease the agitation. 

In majiy eases it is clesiiable to have a 
tilting vessel in oixlor to dLsc'hargo the 
contents, Jn oi'tlei^ to jirovide this with a 
vertical shaft agitatoi^ wliieh can remain in 
position when the vessel is tilted, tjie airaJigc- 
ment shown in Fig, 20 is coimmient. The 
vessel tilts upon the hollow trunnions, AA, 
which ai'e eoricentrie with the s^Jineket B, 
wliich drives bevel gearing, by means of 
the chain, J), and thence tlie pec\iliarly 
shaped agitator, The whole of the 
agitating gear, including ti\e Ijovel gear, 
horizontal shaft, F, and sprocket G, tilts 
with the pan, the driving chain moving 
round the small sprocket B, and the agitator 
may be kept moving as the vessel is tilted. 

The carrying out of reductions such as of 
nitrobenzene to aniline, or in fact any 
reaction in which a metal such as iron, 
in the form of filings or l>orings, or zine 
dust enters, necsessitates a highly effieient 
agitator which will sweep the bottom of the 
vessel and maintain the metal in a constant 
state of suspension and prevent it settling. 
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In ih& laboratory, such a reaction in usually 
carried out using a much greater jiroportion 
of hydrochloric or acetic acid than is used 
on the works, (X)nst!Ciuently a much greater 
proj^ortion of fojTous salt is j>resent to 
effect reduction, and vigorous agitation is 
not necessary. The small quantity of acid 



Fid. 20.—TiLTisia PiJi with Vjjutkjaj. Gate Awtatob., 


usually employed in works reactions of this 
kind, however, involves a much smaller 
concentration of ferrous salt. This is con¬ 
stantly being oxidised to the fei'ric state, and 
in turn being again reduced by the iron 
present to tlie feirous condition, and the 
rate of reduction will depend uiK>n the 
number of times the iron can be oxidised 
again in a given time. This in turn depends 
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upon the efticioncy of the agitation. Wniiie 
of the agitatoifi pi'eviouBly :leBprif)e(l are 
BUitiihle for this purpose, but an exaiii]>le of 
a highly efficient type is tlu^ Planet agitatcji' 
illustrateci in Fig. 2L Tiie upfa^r bevcK 
A, drive the vertical shaft, B. which in turn 



drives the lowc?' crown wheel, (■, and rotates 
the agitator as a wJiole; at the same tinic 
the rotatioji of the lower cnown wJieel 
actuates the small bevel, 1>, and agitator, 
F, which rotates and at the same time 
travels round the vessel, thus effecting a 
highly vigorous and efficient mixing and 
agitating action. 
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PtaJctically all these iiiaehines ai-e pro¬ 
vided With jaekots for the eiieuJation of 
steam, water or oil for heating and cooling, 
or with coils for the same purpose; in some 
cases hotJi 31*0 jm^vided, the jacket for 
heating and the coil for cooling. They may 
be lined with a homogeneouH lead lining, 
and the agitators may i)0 similarly covei-cd 
witii load* Messrs. Paul Seliiit/.c & Co., of 
Oggersheim, Kjieeialise in this class of work, 
and also in steel coils cast into tlie ])ody of 
the vessel in jdace of jackets, and in steel 
mixing ves.sek lined with cast iron. 

Mixing in the Soap Industry,—The .soap 
industry employs a variety of Jnixing 
machines termed erntehers, from tiie fact 
that mixing in the early ilays of the in¬ 
dustry was carried out witfi wuikIoh poles 
or crutches. They arc used for }>lending 
the various materials with tlie stiff soaj). 
Such materials include fillers such as deter¬ 
gent clay, pt'rfumes, colours, etc, A very 
common type consists of a vertical, cylin¬ 
drical, jacketed vessel (containing a vertical 
siiaft agitator; the latter (soinpriscs a 
hollow cylinder concentric with th(^ shaft 
and joined thereto by a sjural web. The 
action of this web is to force tlic soap up¬ 
wards or downwards through the cylinder 
according to the direction of rotation, and 
return it between the cylinder and the 
walls of the vessel, Drive is effected 
through crown and bevel wheels; of the 
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latter, two are provided which mesh with 
the crownwheel, and either may be locked 
to the wliaft f^y means of a sliding dog clutch 
so as to revolve^ the agitator in cither 
<lircctioii; by this means extremely intimate 
blending is eflfcctcd. Sometinios a pipe coil 
sun ounds the agitator for heating juirposes* 

J^'or thin soaps the agitator is pi^^vided 
witi] araiis to prevent the outer layers 
remaining more or lews “ stagnant/^ ^ 

Mixing in the Paint and Varnish Industry, 
—A few of paint mixers have 

<already been dostTibed in (bapter ITL 
The prineij^les of ]Kiint manufacture involve 
a preliminary grinding of the ]>igment in oil 
in a pan mill, followed by fine grinding 
between triple rolls, or in a cone mill: both 
these processes eiTeet mixing; sometimes 
an intej mediabe pi oeess of mixing is effected 
in a simple type of lionKontal mixer, 
designed to keep tlie wJiole contents in 
motion so that a homogeneous cream is fed 
to the finishing rolls. 

Mention may advantageously be made 
of the Torrance edge runner or pan mills • 
made with positives action to the rolls. In 
the usual type of jian mill the rolls revolve 
by simple friction between them and tlie 
pan, or rather the material in it; this is 
suitable for rough or dry materials which set 
up^considejable frictional resistance; but 

^ SeiG Modern Soap and Defcrgf-nt Indusirt/, by 
Geoffrey Martin. 
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in tHo case of piginentf? in oil, wiien the 
whole lias been ground down to a certain 
consistency thei'c is a tendency for tJic I’olls 
to skid round the pan w'ithoiit I'cvolviiig, 
with the result that mixing is not jn operly 
effected* To avoid tliis, tlic Torrance mill 
is fitted witli ii positive drive frxnn pan to 
roll; the latter canies a toothed wliecl 
having teeth projecting lioj i/ontdly from tho 
rim; these teeth mesh with another pinion 
fixed to the |»an and revolving with it in a 
horizonUl plane so that the rod is positively 
diivcn by the pan and is independent of 
friction with it^ This j)os]tLve gearing is 
designed with sucli ratios as to revolve the 
roll or rolls at a greater speed tlian they would 
if revolving by simple friction with the pan. 
The materials are thus subjeeted to a 
shearing as well as a erusfiing aetion, and 
the effect is the some as would be produced 
by two or three rolls niniiiiig at different 
speeds; in addition, the twisting action of the 
rolls, continually drawing the material from 
a straight into a circular path, ensures an 
* extremely thorough grinding and mixing 
aetion* Spring ])louglis turn over and 
deflect tho material into the path of the 
rolls, fui'ther increasing the mixing action* 
Those mills are made in var^nrig sizos from 
2h to 8 feet in diameter. They arc under¬ 
driven bycrown and bevel pinions. Discharge 
is effected automatically through a door 
operated by a handle opening into a chute. 
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The posiitivc geanng bet.u^eon pan and 
rolls is protected hy means of a ridge on the 
pan surrounding the pinion, and in addition 
the whole gear may bn enclosed. 

The jnsitic i^f the pan ajid the extenor of 
tJie rolls ar(^ gi'Ound ]:ierfectly true, and 
poUslied so that the KniaJlcst jjaitieJes are 
sid)jeeted to their action when they come in 
contact. i\lojrover, it in not necessary t.o 
true n]> tlio ■sui’faee fioin time to time, 
as the wea?' is even, the hiiifaecs eontinually 
tmeing one another u])- 

TJu^ function t)f the finishing rolls is to 
grind and nnx the paint to an extremely 
smooth and fine cream. TJiey consist of 
tliiee ['oils of granitt^ oi' roughenetl steel, 
revolvijig at dhTereiit speeds in opposite 
din:ctio!is. The paint is fed on to the 
slowest roll, is carriefl round and taken up 
by tJie intermediate loJl whicli revolves 
at a faster speed, and thence on to the third 
roll, which is the fastest, from whence it is 
taken by means of a scraper or “ doctor,” 
as it is termed. In mldition to a iTitary 
movement, the central roll oscillates from 
side to side rn order to even the wean 
Messrs. ToiTance and Sons make an 
improved type of mill of this character. 
The rolls are driven by gears machine-cut 
from the solid and running in an oil-bath. 
Adjustment is effected by a micrometer 
down to a fraction of a thousandth of an 
inch between the rollers; l)y this means 
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any^dosired prcasuif; may ]>iJt upon the 
material without ac tiially Ijrin g in g the 
rollers in contact, and thus ]iniventing any 
passing; by this moans also a single ijassage 
throu^ the rolls will reduce the paint to 
the desired consistency. 

By a special nrrangejnent of geaiingj 



r’ltJ. £2.—CkJVt: jriLL, 

from Allon'j C!ifiniivi 


alteration of the adjtistment of the rolls 
does not affect tlic deptli of engagement 
of the gear teeth, which always work at the 
correct depth {i.e., with their respective 
pitch oirCTimfcrences just in contact), thus 
giving smooth and noistdess working with 
minimum wear. 

For the mixing of sjnaller batches of 
paint, the cone paint mill illustrated in 
Fig. 22 is suitable. 
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The conical Lotte in of the pan. A, ia 
rotated by means of the beTol pinions 




ITm* 23 .—End Runner Miu.. 

mounted below, and the material escapes 
through the fine annular ring formed be¬ 
tween the sides and the bottom into the 
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trough, B; the latter i?; nmde witli a sloping 
bottom so as to draw the paint oflf at one 
side- The width of tlic annular est.^ape ring 
can be adjusted by means of a screw, not 
shown in the diagram, which raises or 
lowers the conical bottom. The mixing 
blades, C, revolve wdtli tlic botttmi and are 
detachable; they are used for working up 
stiff or thick materials. 

Coming dowm to small machines for 
mixing very small l>atclK^s for {^xj)erj mental 
purpo.ses, the end runner mill, illustrated 
in Kig, 23, is very useful Tlic pan or 
mortar. A, which may be made of Wetlgwood 
earthenware similar to an ordinary labora¬ 
tory mortar, is mounted in a housing from 
which it may be quickly detached for 
cleaning. This housing is revolved citlior by 
hand or power through the lievel pinions* 
In («) tlie jiestle is sliown in tlic working 
position, and rotates by friction with the 
pan; the material is thus subjectwl to a 
twisting action on the bottom which effect¬ 
ively grinds and mixes it to a fine paste or 
cream. In (^) the pestle is shown swung 
out of action; the scra|>cr, C, removes any 
mateiiai which may adhere to it. 

The Torrance mixers dcscrilied in Chapter 
III are also suitable for mixing small or 
medium-sized batches, and also for thinning 
down thick materials. 




